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PREFACE

This volume provides abstracts and indexes for AGARD unclassified publications published
during the period 1986-1988. By an arrangement with U.S. National Aeronautics and Space
Administration (NASA) in Washington, D.C., the NASA computerized data base has been used to
prepare this publication.

Full bibliographic citations and abstracts for all the documents in this publication are given in the
abstract section, which is organized in the major subject divisions and specific categories used by
NASA in abstract journals and bibliographies. The major subject divisions are listed, together with a
note for each that defines its scope and provides any cross-references. Category breaks in the
abstract section are identified by category number and title, and a scope note. Within each category,
the abstracts are arranged by series and year.

Six indexes - Subject (based on NASA Thesaurus nomenclature), Personal Author, Corporate
Source, Panel Report/Accession Number, and Accession Number - are included. Sample entries
are shown on the first page of each index.

NB A number of changes have been made to the contents and format for this edition, which it is
hoped will facilitate its use:

a. There is now an index by AGARD Panel (to complete publications only).

b. The citations for individual papers in a publication such as a conference proceedings now include
a reference to the number of the parent publication, e.g. CP-402.

c. The citations for individual papers now appear in the correct category for their own subject
matter, which may not be the same category as the parent.
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SUBJECT CATEGORIES

AERONAUTICS 09 RESEARCH AND SUPPORT
Includes aeronautics (general); aerodynamics; air FACILITIES (AIR) 79

transportation and safety; aircraft communications and Includes airports, hangars and runways; aircraft repair
navigation; aircraft design, testing and performance; air- and overhaul facilities; wind tunnels; shock tubes; and
craft instrumentation; aircraft propulsion and power; air- aircraft engine test stands.

stability and control; and research and support For related information see also 14 Ground Support
facilities (air). Systems and Facilities (Space).

For related information see also Astronautics.
ASTRONAUTICS

01 AERONAUTICS (GENERAL) 1 Includes astronautics (general); astrodynamics:
ground support systems and facilities (space); launch ve-

02 AERODYNAMICS 4 hicles and space vehicles; space transportation; spaceincludes aerodynamics of bodies, combinations, communications, spacecraft communications, command
wings, rotors, and contro surfaces; and inernal flow in and tracking; spacecraft design, testing and performance;
ducts and turbomachinery spacecraft instrumentation: and spacecraft propulsion and

For related information see also 34 Fluid Mechanics power.
and Heat Transfer For related information see also Aeronautics

03 AIR TRANSPORTATION AND SAFETY 22 12 ASTRONAUTICS (GENERAL) N.A.
Includes passenger and cargo air transport operations; For extraterrestrial exploration see 91 Lunar and Plan-

and aircraft accidents. etary Exploration.
For related information see also 16 Space Transporta-

tion and 85 Urban Technology and Transportation.
13 ASTRODYNAMICS N.A.

04 AIRCRAFT COMMUNICATIONS AND Includes powered and free-flight trajectories: and orbi-
NAVIGATION 25 tal and launching dynamics.
Includes digital and voice communication with aircraft;

air navigation systems (satellite and ground bdsed); and
air traffic control. 14 GROUND SUPPORT SYSTEMS AND

For related information see also 17Space Communica- FACILITIES (SPACE) 91
tions, Spacecraft Communications, Command and Track- Includes launch complexes, research and production
ing and 32 Communications and Radar. facilities; ground support equipment, e.g.. mobile trans-

porters; and simulators.
05 AIRCRAFT DESIGN, TESTING AND For related information see also 09 Research and Sup-

PERFORMANCE 30 port Facilities (Air).
Includes aircraft simulation technology.
For related information see also 18 Spacecraft Design,

Testing and Performance and 39 Structural Mechanics. 15 LAUNCH VEHICLES AND SPACE
For land transportation vehicles see 85 Urban Technology VEHICLES 91
and Transportation. Includes boosters; operating problems of launch/space

vehicle Rvstems; and reusable vehicles.
06 AIRCRAFT INSTRUMENTATION 45 For related information see also 20 Spacecraft Propul-

Includes cockpit and cabin display devices; and flight sion and Power.
instruments.

For related information see also 19 Spacecraft In- 16 SPACE TRANSPORTATION 94
strumantation and 35 Instrumentation and Photography Includes passenger and cargo space transportation,

e.g., shuttle operations; and space rescue techniques.
07 AIRCRAFT PROPULSION AND POWER 57 For related information see also 09 Air Transportation

Includes prime propulsion systems and systems com- and Safety and 18 Spacecraft Design, Testing and Perfor-
ponents, e.g., gas turbine engines and compressors; and mance. For space suits see 54 Man/System Technology
onboard auxiliary power plants for aircraft, and Life Support.

For related information see also 20 Spacecraft Propul-
sion and Power, 28 Propellants and Fuels, and 44 Energy 17 SPACE COMMUNICATIONS,
Production and Conversion. SPACECRAFT COMMUNICATIONS,

COMMAND AND TRACKING N.A.
0 AIRCRAFT STABILITY AND CONTROL 72 Includes telemetry; space communications networks;

Includes aircraft handling qualities; piloting; flight con- astronavigation and guidance; and radio blackout.
trols; and autopitots. For related information see also 04 Aircraft Communi-

For related information see also 05 Aircraft Design, cations and Navigation and 32 Communications and
Testing and Performance. Radar
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18 SPACECRAFT DESIGN, TESTING AND ENGINEERING
PERFORMANCE 94 Includes engineering (general); communications and
Includes satellites; space platforms; space stations: radar, electronics and electrical engineering; fluid

spacecraft systems and components such as thermal and mechanics and heat transfer; instrumentation and photog-
environmental controls; and attitude controls. raphy; lasers and masers; mechanical engineering: quality

For life support systems see 54 Man/System Technol- assurance and reliability; and structural mechanics.
ogy and Life Support. For related information see also 05 For related information see also Physics.
Aircraft Design, esting and Performance, 39 Structural
Mechanics, and 16 Space Transportation. 31 ENGINEERING (GENERAL) 117

Includes vacuum technology; control engineering; dis-1g SPACECRAFT INSTRUMENTATION N.A. pla-y engineering; cryogenics; an d 'ire pievention.

For related information see also 06 Aircraft Instrumen-
tation and 35 Instrumentation and Photography. COMMUNICATONS AND RADAR 122

20 SPACECRAFT PROPULSION AND Includes radar; land and global communications; coin-
POWER 99 munications theory; and optical communications.
Includes main propulsion systems and components, For related information see also 04 Aircraft Communi-

e.g. rocket engines; and spacecraft auxiliary power cations and Navigation and 17 Space Communications,
sources. Spacecraft Communications, Command and Tracking. For

For related information see also 07Aircraft Propulsion search and rescue see 03 Air Transportation and Safety

and Power, 28 Propellants and Fuels, 44 Energy Produc- and 16 Space Transportation.
tion and Conversion, and 15 Launch Vehicles and Space
Vehicles. 33 ELECTRONICS AND ELECTRICAL

ENGINEERING 153
Includes test equipment and maintainability; compo-

CHEMISTRY AND MATERIALS nents, a.g, tunnel diodes and transistors; microminiaturi-
Includes chemistry and materials (general); composite zation; and integrate circuitry.

materials; inorganic and physical chemistry; metallic ma- For related information see also 60 Computer Opera-
terials; nonmetallic materials; propellants and fuels; and tions and Hardware and 76 Solid-State Physics.
materials processing.

34 FLUID MECHANICS AND HEAT
23 CHEMISTRY AND MATERIALS TRANSFER 154

(GENERAL) N.A. Includes boundary layers; hydrodynamics; fluidics;
mass transfer and ablation cooling.

24 COMPOSITE MATERIALS 102 For related information see also 02 Aerodynamics and
Includes physical, chemical, and mechanical proper- 77 Thermodynamics and Statistical Physics.

ties of laminates and other composite materials.
For ceramic materials see 27 Nonmetallic Materials. 35 INSTRUMENTATION AND

PHOTOGRAPHY 170
25 INORGANIC AND PHYSICAL Includes remote sensors; measuring instruments and

CHEMISTRY 103 gages; detectors; cameras and photographic supplies; and
Includes chemical analysis, e.g., chromatography; holography.

combustion theory; electrochemistry; and photochemistry. For aerial photography see 43 Earth Resources and
For related information see also 77 Thermodynamics Remote Sensing. For related information see also 06 Air-

and Statistical Physics. craft Instrumentation and 19 Spacecraft Instrumentation.

26 METALLIC MATERIALS 110
Includes physical, chemical, and mechanical proper- 36 LASERS AND MASERS 172

ties of metals, e.g., corrosion; and metallurgy. Includes parametric amplifiers.
For related information see also 76 Solid-State

27 NONMETALLIC MATERIALS 112 Physics.
Includes physical, chemical, and mechanical proper-

ties of plastics, elastomers, lubricants, polymers, textiles, 37 MECHANICAL ENGINEERING 174
adhesives, and ceramic materials. Includes auxiliary systems (nonpower); machine ale-

For composite materials see 24 Composite Materials. ments and processes; and mechanical equipment.

28 PROPELLANTS AND FUELS 113 38 QUALITY ASSURANCE AND
Includes rocket propellants, igniters and oxidizers; heir RELIABILITY 179

storage and handling procedures; and aircraft fues. Includes product sampling procedures and techniques;
For related information see also 07Aircraft Propt sion and quality control.

and Power 20 Spacecraft Propulsion and Power, and 44
Energy Production and Conversion. 39 STRUCTURAL MECHANICS 182

20 MATERIALS PROCESSING N.A. Includes structural element design and weight
Includes space-based development of products and analysis; fatigue; and thermal stress.

processes for commercial application. For applications see 05 Aircraft Design, Testing and
For biological materials see 55 Space Biology Performance and 18 Spacecraft Design, Testing and Per-

formance.
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GEOSCIENCES 56 SPACE BIOLOGY N.A.

Includes geosciences (general); earth resources and Includes exobiology; planetary biology; and extrater-

remote sensing; energy production and conversion; envi- restral life.

ronment pollution: geophysics; meteorology and climatol-
ogy; and oceanography.

For related information see also Space Sciences. MATHEMATICAL AND COMPUTER
SCIENCES

42 GEOSCIENCES (GENERAL) N.A. Includes mathematical and computer sciences (gen-
eral); computer operations and hardware; computer pro-

43 EARTH RESOURCES AND gramming and software; computer systems; cybernetics;
REMOTE SENSING 187 numerical analysis; statistics and probability; systems
Includes remote sensing of earth resources by aircraft analysis; and theoretical mathematics.

and spacecraft; photogrammetry; and aerial photography.
For instrumentation see 35 Instrumentation and Pho- 59 MATHEMATICAL AND COMPUTER

tography SCIENCES (GENERAL) N.A.

44 ENERGY PRODUCTION AND 60 COMPUTER OPERATIONS AND
CONVERSION N.A. HARDWARE 221
Includes specific energy conversion systems, e.g., fuel Includes hardware for computer graphics, firmware,

cells; global sources of energy; geophysical conversion; and data processing.
and windpower. For components see 33 Electronics and Electrical En-

For related information see also 07 Aircraft Propulsion gineering.
and Power, 20 Spacecraft Propulsion and Power, and 28
Propellants and Fuels. 61 COMPUTER PROGRAMMING AND

SOFTWARE 223
45 ENVIRONMENT POLLUTION N.A. Includes computer programs, routines, algorithms, and

Includes atmospheric, noise, thermal, and water pollu- specific applications, e.g., CAD/CAM.
tion.

62 COMPUTER SYSTEMS 232
46 GEOPHYSICS 187 Includes computer networks and special application

Includes aeronomy; upper and lower atmosphere computer systems.
studies: ionospheric and magnetospheric physics; and
geomagnetism. 63 CYBERNETICS 232

For space radiation see 93 Space Radiation. Includes feedback and control theory, artificial intelli-
gence, robotics and expert systems.

47 METEOROLOGY AND CLIMATOLOGY 189 For related information see also 54 Man'System
Includes weather forecasting and modification. Technology and Life Support.

48 OCEANOGRAPHY N.A. 64 NUMERICAL ANALYSIS 233
Includes biological, dynamic, and physical oceanog- Includes iteration, difference equations, and numerical

raphy; and marine resources. approximation.
For related information see also 43 Earth Resources

and Remote Sensing. 6S STATISTICS AND PROBABILITY 234
Includes data sampling and smoothing; Monte Carlo

LIFE SCIENCES method; and stochastic processes,

includes life sciences (geners.l); aerospace medicine; 66 SYSTEMS ANALYSIS 234
behavioral sciences; man/system technology and life sup- Includes mathematical modeling, network analysis
port; and space biology, and operations research.

51 LIFE SCIENCES (CENERAL) 190 67 THEORETICAL MATHEMATICS N.A.
Includes topology and number theory.

52 AEROSPACE MEDICINE 190
Includes physiological factors; biological effects of radi-

ation; and effE -ts of weightlessness on man and animals. PHYSICS

53 BEHAVIORAL SCIENCES 207 Includes physics (general); acoustics; atomic anc.
Includes psychological factors; individual and group molecular physics; nuclear and high-energy physics: op-

behavior; crew training and evaluation; and psychiatric re- tics; plasma physics; solid-state physics; and ther-
search. modynamics and statistical physics.

For related information see also Engineering.
54 MAN/SYSTEM TECHNOLOGY AND

LIFE SUPPORT 208 70 PHYSICS (GENERAL) N.A.
Includes human engineering; biotechnology; and For precision time and time interval (PTTI) see 35

space suits and protective clothing. Instrumentation and Photography; for geophysics, as-
For related information see also 16 Space Transporta- trophysics or solar physics see 46 Geophysics, 90 As-

tion. trophysics, or 92 Solar Physics.
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71 ACOUSTICS 236 84 LAW, POLITICAL SCIENCE

Includes sound generation, transmission, and attenua- AND SPACE POLICY N.A.
tion. Includes NASA appropriation hearings aviation law,

For noise pollution see 45 Environment Pollution. space law and policy; international law; international coop-
eration; and patent policy.

72 ATOMIC AND MOLECULAR PHYSICS N.A. a

Includes atomic structure, electron properties, and 85 URBAN TECHNOLOGY AND
molecular spectra. TRANSPORTATION N.A.

Includes applications of space technology to utan
73 NUCLEAR AND HIGH-ENERGY problems; technology transfer; technology assessment;

PHYSICS N.A. and surface and mass transportation.
Includes elementary and nuclear particles; and reactor For related information see 03 Air Transportation a Id

th C.:Y. Safety 16 Space Transportation, and 44 Energy Production
For space radiation see 93 Space Radiation. and Conversion.

74 OPTICS 237 SPACE SCIENCES
Includes light phenomena and optical devices.
For lasers see 36 Lasers and Masers. Includes space sciences (general); astronomy; as-

trophysics; lunar and planetary exploration; solar physics
75 PLASMA PHYSICS 242 and space radiation.

Includes magnetohydrodynamics and plasma fusion. For related information see also Geosciences.
For ionospheric plasmas see 46 Geophysics. For

space plasmas see 90 Astrophysics. 88 SPACE SCIENCES (GENERAL) N.A.

76 SOLID-STATE PHYSICS N.A. 89 ASTRONOMY N.A.
Includes superconductivity. Includes radio, gamma-ray, and infrared astronomy;
For related information see also 33 Electronics and and astrometry,

Electrical Engineering and 36 Lasers and Masers. 9 ASTROPHYSICS NA.

77 THERMODYNAMICS AND Includes cosmology; celestial mechanics; space plas-
STATISTICAL PHYSICS N.A. mas; and interstellar and interplanetary gases and dust
Includes quantum mechanics; theoretical physics; and For related information see also 75 Plasma Physics.

Bose and Fermi statistics.
For related information see also 25/norganicandPhys- 91 LUNAR AND PLANETARY

ical Chemistryand 34 Fluid Mechanics and Heat Transfer. EXPLORATION NA.
Includes planetology; and manned and unmanned

flights.
SOCIAL SCIENCES For spacecraft design or space stations see 18 Space-

Includes social sciences (general); administration and craft Design, Testing and Performance.
management; documentation and information science;
economics and cost analysis; law, political science, and 92 SOLAR PHYSICS N.A.
space policy; and urban technology and transportation. Includes solar activity, solar flares, solar radiation and

sunspots.
80 SOCIAL SCIENCES (GENERAL) N.A. For related information see 93 Space Radiation.

Includes educational matters.
93 SPACE RADIATION 255

81 ADMINISTRATIV4 AND Includes cosmic radiation; and inner and outer earth's
MANAGEMENT 243 radiation belts.
Includes management planning and research. For biological effects of radiation see 52 Aerospace

Medicine. For theory see 73 Nuclear and High-Energy
82 DOCUMENTATION AND Physics.

INFORMATION SCIENCE 247
Includes information management; information stor- GENERAL

age and retrieval technology; technical writing; graphic
arts; and micrography. Includes aeronautical, astronautical, and space sci-

For computer documentation see 61 Computer Pro- ence related histories, biographies, and pertinent reports
gramming and Software too broad for categorization; histories or broad overviews

of NASA programs.
83 ECONOMICS AND COST ANALYSIS 254

Includes cost effectiveness studies. 99 GENERAL N.A.

Note: N.A. rmans that no abtract. were assigned to this category for this Issue.
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TYPICAL CITATION

ON MICROFICHEI
ACCESSION NUMBER - N-st2017# Aeronatical Research Labs. Melbourne - CORPORATE SOURCE

(Australia)

TITLE - FIBRE COMPOSITE REPAIR OF CRACKED METALLIC AIRCRAFT
COMPONENTS: PRACTICAL AND BASIC ASPECTS

AUTHOR - A A BAKER In AGARD The Repair of Aircraft Structures Involving
REPORT NUMBER OF Composite Materials 21 p (SEE N87-20174 13-01) Oct 1986 .- PUBLICATION DATE

PARENT ITEM - -(AGARD-CP-402) Avail NTISHCA1UMFA01 '-DETAILS OF PARENT:
AVAILABILITY SOURCE - NASA ACCESSION NUMBER

including the NTIS charging Crack patching, the use of advanced fiber composite patches (N87-20174)
bands lor hard copy and (such as boron/epoxy or graphite/epoxy) bonded with structural film * ISSUE OF NASA STAR (13)

microfiche adhesives to repair cracks in metallic aircraft components, is a signif- * SUBJECT CATEGORY IN
icant development in aircraft maintenance technology. offering many THIS INDEX (01)
advantages over conventional repair procedures based on metallic (is selon in which It will
patches and mechanical fasteners Selected theoretical and expert- be found)

ABSTRACT mental aspects of Australian work on thibs topic are previewed A
preliminary design approach for estimating the minimum thickness
patc' that could be employed in a given repair situation is described
Finally. the case study on the repair to the wing skin of Mirage 3

aircraft is given Aspects discussed include evaluation of minimum
cure and surface-treatment conditions for adhesive bonding in repair
situations potential thermai and residual stress problems resulting
from patching, studies on overlap joints representing repairs and crack
propagation behavior in patched panels Author

NB Many AGARD publications. such as Conference Proceedings and Lecture Series
contain a number of individual papers There is a separate citation in this Index for each such
paper, each containing a cross-reference (01 in this instance) to the parent publication in the
form shown above To locate the parent in this Index, refer to the subtect category given in
the cross-reference Within each category citations are in numerical order
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AGARD INDEX OF PUBLICATIONS (1986-1988)
ABSTRACT SECTION

01 require adhesives with room temperature storability in addition to
the other structural/environmental requirements. Screening tests

AERONAUTICS (GENERAL) were run on various film and two-part adhesives. A two-part
adhesive, developed by NADC and now commercially available.

had the best combination of properties for field repairs. Other
tests related to bonded field repairs determind that 177 C (350
F) curing film adhesives have several months' storability at room
temperature, and venfied prebond storability of titanium surface

N87-20174# Advisory Group for Aerospace Research and treatments for use in bonded repair kits. Author
Development Neuily-Sur-Seine (France). Structures and Matenals
Panel,
THE REPAIR OF AIRCRAFT STRUCTURES INVOLVING N87-20179# Societe Nationale Industrielle Aerospatiale,

COMPOSITE MATERIALS Marignane (France). Advanced Engineering Dept

Oct. 1986 240 p In ENGLISH and FRENCH Meeting held in REPAIR OF HELICOPTER COMPOSITE STRUCTURE
,...,Norway, 14-16 Apr. 1986 TECHNIOUES AND SUBSTANTIATIONS
(AGARD-CP402; ISRN-92-835-0400-3; AD-At78691 Avail MANUEL TORRES and BERNARD PLISSONNEAU In AGARD
NTiS HC At ISMF A0A The Repair of Aircraft Structures Involving Composite Matenals

Modern combat aircraft are making increasing use of composite 21 p (SEE N87-20174 13-01) Oct. 1986

materials in both prinary and secondary structures, and the need (AGARD-CP-402) Avail: NTIS HC At l/MF A0l

for repair schemes which involve a mixture of composite anJ The advantages of composite materials are now well known

metallic materials is no longer exceptional. At its sixty-second and have been widely demonstrated. Lighter weight, lower cost,

meeting, the Structures and Matenals Panel held a conference of shorter manufacturing cycles, damage tolerance, etc are some of

Sperialists, the aim of which was to share experiences of repairs the advantages. As a result, composite hatenas are increasingly
involving composites and structures now in service A further aim used in helicopters. Helicopter designs have made extensive use
was to highlight the demand for the development of innovative of composites for over twenty years. Composite rotor blades date

times and increase repair capabilities under all conditions of service from 1970. More recently, major programs have been undertaken

but also make for greater standardization. For individual titles see to produce the future generation of helicopters with a totally

N87-20175 through N87-20192. composite fuselage. The increasing number of composite items in
the aircraft structure raises the problem of damage and repair

N87-20175# Dommw-Werke G m b.H., Friedrichshafen (Germany, This concern is further justified by the relatvely high damage
F R). probability of a helicopter that may be operated in severe
REPAIR PROCEDURES FOR COMPOSITE PARTS ON THE environmental conditions. The repair philosophy engages the
ALPHA JET responsibility Of the aircraft manufacturer as well as the operator

TH THIELE In AGARD The Repair of Aircraft Stru- res Involving The manufacturer must develop and substantiate repair methods

Composite Materials 7 p (SEE N87-20174 13-01) Oct. 1986 that are as simple as possible. The operator must be equipped

(AGARD-CP-402) Avail NTIS HC A1/MF AOl with suitable inspection and repair facilities. These repairs must

A survey is given of activities to develop repair procedures for ensure an adequate safety level for the remaining helicopter's

the composite parts of the alpha jet. The complete program was service life. They must be suitable for the nature of the damage

divided into two parts: the first part covered the repair and test of and the type of part involved. They must be as easy as possible

specimen the second part the repair and test of a full scale to implement and require minimal special tools and expertise, and

speed brake Author the repair cost must remain well below the price of new replacement
parts. Author

NO7-20177# Lickheed-Califorma Co., Burbank.
DEVELOPMENT OF FIELD LEVEL REPAIRS FOR COMPOSITE N87-20181# Messerschmitt-Boelkow-Blohm G m.b H. Munich
STRUCTURES (Germany. F R.). Stress Office.
ROBERT H STONE In AGARD The Repair of Aircraft Stiuctures COMPOSITE REPAIR OF COCURED J-STIFFENED PANELS:
Involving Composite Materials 12 p (SEE N87-20174 13-01) Oct DESIGN AND TEST VERIFICATION
1986 GEORG GUENTHER and LUDWIG LEMMER In AGARD The
(AGARD-CP-402) Avail NTIS HC AttI/MF A01 Repair of Aircraft Structures Involving Composite Matenals 19 p

Bolted and bonded held-level repairs have been developed, (SEE N87-20174 13-0) Oct. 1986
fabricated and tested at Lockheed-California Company for several (AGARD-CP-402) Avail: NTIS HC All /MF A01
recent contract and independent research programs, Bolted repairs An increasing percentage of military aircraft luselage and wing
are particularly well adapted to field repair situations. Bolted structures are being replaced by cocured integrated carbon fiber
aluminum repair concepts have been developed and verified under composita (CFC) structures. The probability of damage in
a NASA sponsored program for an L-tOt composite inboard day-to-day operation is increased, since most of the structure is
aileron, whch is now in flight-service evaluation. Special drilling, located on the aircraft surface The most common field of
machining, fastener installation and sealing procedures were application for cocured stiffeners are thin panels critical to buckling
developed for these repairs. Bolted repairs were also developed under shear and/or compression loading and fuselage frames
and validated under a Naval Air Development Center (NADC) subject to bending Bonded repair methods for two maintenance
sponsored program. These included various configurations of levels (depot and field) have been developed and tested using
aluminum and titanium patches using blind fasteners, with dnlling representative components For the stiffened panels both repair
and installation procedures representative of held conditions methods (field and depot) fulfilled structural requirements and
including lack of back-side access. Repair specimens were tested proved their duratility in the fatigue tests Test results of the
in tension and compression. and the patches restored design stiffened skin elements showed that Cocured fuselage structures
strength levels to the damaged composite. Bonded field repairs with complex geometries are repairable without reduction in

NOTICE

The single asterisk following
the accession number indicates

that the report is NASA sponsored



01 AERONAUTICS (GENERAL)

strength ani stiffness sts performed after artificial ageing of and of such practical apphcations as local reinforcements on the
the repair, tructurs proved their reliability in the environment Mercure airliner Since 1978 a large number of carbon hber ailerons

Author have been put in servce on the fighter airctal Mirage F1 and on
the Falcon 50 business ;et Repair procedures have been

N87-20182# Royal Aircraft Establshment. Farnborough developed for these elements These elements have been
(England) troubletren up to "row Author
EFFECT OF ADHESIVE BONDING VARIABLES ON THE
PERFORMANCE OF BONDED CFRP PATCH REPAIRS OF N87-20185# Societe de Construction des Avions Hurel-Dubos.
METALLIC STRUCTURES Parts (France)
P POOLE, M. H S- ONE, G R SUTTON, and R. N. WILSON COMPOSITE STRUCTURE REPAIRS CARRIED OUT
/n AGARD The Repair of Aircraft Structures Involving Composite ACCORDING TO AERONAUTICAL TECHNIQUES
Materials 21 p (SEE N87-20174 13-01) Oct. 1986 IREPARATIONS DE STRUCTURES COMPOSITES REALISEES
(AGARO-CP-402) Avail: NTIS HC All/MF A0l SELON LES TECHNIQUES AERONAUTIOUES]

The literature is briefly reviewed and limitations of the existing JEAN-ALAIN JOUAN In AGARD The Repair of Aircraft Structures
expenmental data on the performance of bonded carbon fiber Inovtng Composite Materials 13 p (SEE N87-20174 13-01)) Dct.
reinforced plastics iCFRP) patches are indicated Earlier work from 1986 In FRENCH
the Royal Aircraft Establishment is summarized, showing the (AGARD-CP-402) Avail. NTIS HC Al1I/MF A01
importance of patch size and crack growth Conditions prior to Advanced composite materials (aramide. carbon, honeycomb)
patching. Fatigue data for center-cracked, patched aluminum alloy initially utilized in aircraft structures are seeing their domain of
thin sheets (7075-T76) are then presented. These show that application extended to other sectors. The experiences of
adhesive layer stiffness had only a moderate effect; differential Hurel-tubois with two specitic composite material applications,
contraction stresses had much less effect than predicted; and frames for the Formula 1 racing car and structures for transoceanic
neither variations in surface treatment of the aluminum alloy before racing catamarans, are discussed with reference to damage repair
bonding nor exposure of the patche sheet to warm/moist and the restoration of stictuial mtegrity. The various types of
conditions had any substantial effect on crack rates. Bond durability in-service damage are outlined and the materials and procedures
wedge and peel tests did Show marked effects of alloy for repair are described. Author
pretreatments Explanations are advanced for the lack of effect of
moisture and a' / pretreatment on the aloy-adhesive bonds of N87-20186# Messerschmitt-Boelkow-Blohm Gm.b H.. Munich
the Patched sheets. Author (Germany, FR).

N87-20183# Air Force Wright Aeronautical Labs., COMPOSITE REPAIR TECHNIQUES FOR J-STIFFENED

Wright-Patterson AFB, OH. Aeronautical Systems Div COMPOSITE FUSELAGE STRUCTURES

COMPOSITE REPAIR OF CRACKED ALUMINUM STRUCTURE K. LEDWA In AGARD The Repair of Aircraft Structures Involving

LARRY G KELLY In AGARD The Repair of Aircraft Structures Com;-osite Materials 11 p (SEE N97-20174 13-01) Oct. 1986
Involving Composite Materials 6 p (SEE N87-20174 13-01) Oct. (AGARD.CP-402) Avail NTIS HC At l/MF A01
1986 The next generation of lightweight military aircraft will feature

IAGARD-CP-402) Avail: NTIS HC At I/MF A01 an essentially increased application of carbon fiber reinforced

The use of bonded composite patches for repair of a wide plastics (CFRP) to primary structure including fuselage side skins

range of typical fatigue cracked and otherwise damaged aluminum Mainly for cost and weight reasons they will be large size integrally
structural panels is discussed. Experimental data on stress intensit,, stiffened components cocured in a single shot operation. In order

and crack growth charactenstics were obtained to evaluate the to avoid a costly replacement of the enre Side skin in case of

advantages of such repairs. A range of metal thickness and patch damage, adjusted repair techniques are required. Basic repair

parameters (thickness, orientation, bonding temperature) were philosophies for field and depot level repairs using composite

tested. Edge cracked 4 inch by 1P inch 2024T3 aluminum panels materials were defined and proved by two different types of tes

were patched and fatigue behavior evaluated under constant specimen. Specially designed lat panels with a 50 mm diameter

amplitude and the Falstaff flight spectrum loading. The results hole penetrating skin and stiffener were followed by single curved

showed panel thickness and fatigue test load spectrum to be side skin elements damaged by a destructe qualification test.
important parameters. Present repair procedures for cracked Both types were repaired using different methods and finally

aluminum aircraft structures call for bolted on metal patches destrucive tested. The test results showed that the restoration of

Advanced composite material bonded to such damaged structures part stiffness and sufficient strength after repair can successfully

offers the advantage of increased fatigue life. To quantity this be realized. Manufacturing problems were recognized concerning

advantage a test program was conducted with boron/epoxy material choice and cure cycles at elevated temperatures and
patches on cracked aluminum panels. The panels were subjected regarding the nondestructive inspection of applied repair patches

to both constant amplitude and flight spectrum loads. The objective Author
was to establish the reduction in stress intensity and thus reduced
crack growth rate achieved through the use of room temperature N87-20187# Aeronautical Research Labs.. Melbourne
and 250 F cured adhesive bonded patches. The pertinent (Australia).
parameters evaluated were aluminum thickness, iatch area, and FIBRE COMPOSITE REPAIR OF CRACKED METALLIC
ply orientation. Dramatic improvements in fatigue life were achieved AIRCRAFT COMPONENTS: PRACTICAL AND BASIC ASPECTS
up to 20 times exlended lifetimes for 1/16 inch repaired aluminum A.A. BAKER InAGARD The R pair of Aircraft Structures Involving
panels having an initial 34 inch induced crack. Author Composite Materials 21 p (SEE N87-20t74 13-01) Oct. 1986

(AGARD-CP-402) Avail: NTIS HC Al /MF A0l
N87-20184# Avions Marcel Dassault-Breguet Aviation, Crack patching. the use of advanced fiber composite patches
Saint-Cloud (France). k.uch a, boron/epoxy or grapnite/epoxy) bonded with structural
DAMAGE REPAIR OF IN-SERVICE COMPOSITE STRUCTURES: film adhesives to repair cracks in metallic aircraft compone'sts, is
APPLICATION TO THE MIRAGE 2000 [REPARATION DE a significant development in aircraft maintenance technology.
DOMMAGES EN SERVICE DES STRUCTURES COMPOSITES. offering many advantages over conventional repair procedures
APPLICATION AU MIRAGE 2000) based on metallic patches and mechanical fasteners Selected
DANIEL CHAUMETTE and FRANCOISE HENRIOT In AGARD theoretical and experimental aspects of Australian work on this
The Repair of Aircraft Structures Involving Composite Materials topic are previewed A preliminary design approach for estimating
10 p (SEE N87-20174 13-01) Oct. 1986 In FRENCH ENGLISH the mnimum thickness patch that could be employed in a given
summary repair situation is described Finally, the case study on the repair
(AGARD-CP-402) Avail NTIS HC Alt/MF A0t to the wing skin of Mirage 3 aircraft is given Aspects discussed

A summary is given of the 15 years experience AMD/BA has include evaluation of minimum cure and P"irfacefreatment
had in the field of composite structures repair, and the application conditions for adhesive bonding in repair situations. potential
Is. the case of the Mirage 2000. AMOBA has developed repairs thermal and residual stress problems resulting from patching
using a boron fiber dry fabric impregnated and bonded in situ on studies on overlap joints representing repairs and crack propagation
aluminum structures These repairs have been the subject of tests, behavior in patched panels Author
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N67-201611it Naval Air Development Center. Warminster, PA. N87-20191# Advisory Group for Aerospace Research and
COMPOSITE REPAIR MATERIAL AND DESIGN DEVELOPMENT Development, Neuily-Sur-Seine (France).
EFFORTS PATCH REPAIR OF CORROOED AIRCRAFT SKIN AREAS
R. C COCHRAN. T. M. DONNELLAN. E. L. ROSENZWEIG, and W. G. J. THART and R. J. H. WANHILL In AGARD The Repair
R. E. TRABOCCO In AGARD The Repair of Aircraft Structures of Aircraft Structures Involving Composite Materials 8 p (SEE
Involving Composite Materials 13 p (SEE N87-20174 13-01) Oct. N87-20174 13-01) Oct. 1986 Sponsored by the Royal
t986 Netherlands Air Force
(AGARD-CP-402) Avail: NTIS HC Alt/MF A0l (AGARD-CP-402) Avail: NTIS HC A11/MF AOI

Recent developments in the area of bonded and bolted Environmental conditions in Europe are conducive to corrosion
composite repair are discussed. An ideal resin or adhesive for attack of aircraft structures. In military aircraft, corrosion problems
field repair would have the fotowing characteristics: ambient occur especially at countersunk fastener holes. The corrosion is
storage. low temperature cure. short time cure, elevated generally removed by grinding. A limited amount of material removal
temperature and moisture resistance. and vacuum processing. Two is specified by the aircraft manufacturers, but it is sometimes
approaches were used to achieve resin formulations for repair necessary to exceed these limits. When this happens a repair is
patches which will meet these requirements. The first method necessary to allow continued operation. An investigation of the
utilizes chemically hindred diamines as curing agents for epoxy effectiveness of bonded patch repairs was carried out. The patch
resins The second method involves isolation of the curing agents materials were aluminum alloy sheet and aramid fiber reinforced
from the epoxy resin by phase separation. In the area of adhesives composite prepreg. A cold curing acrylic based adhesive was used
for field repair of composites, a two-part paste adhesive has been for bonding. Specimens with simulated patch repairs were subjected
developed. The adhesive meets all of the program requirements to both constant amplitude and flight simulation fatigue testing
and can be used with various repair materials. The design of under various environmental conditions. The results indicated that
bolted repairs for composite structures is discussed. A simplified bonded patches are potentially very good repairs for areas
design has been established which uses standard plate weakened by corrosion and its removal. Author
thicknesses, bolt sizes and spacing Several patch shapes have
been tested and found to restore design ultimate strains. Author N87-20192# British Airways. Middlesex (England).

BRITISH AIRWAYS EXPERIENCE WITH COMPOSITE REPAIRS
K. B. ARMSTRONG In AGARD The Repair of Aircraft Structures
Involving Composite Materials 12 p (SEE N87-20174 13-01) Oct.
1986

N87-20,89# McDonnell Aircraft Co. Saint Louis, MO (AGARD-CP-402) Avail: NTIS HC At1/MF A01

BAT'r-E DAMAGE REPAIR OF COMPOSITE STRUCTURES British Airways experience with composite repairs since 1970,TMAS V HINKLE, JACK VANES, and CHARLES L RAMSEY is discussed. The use of composite materials to repair metallAir Force WIht Aeronautical Labs. Wright-Patterson AF E structures such as Concorde wing leading edges is discussed.

Ohio.) In AGARD The Repair of Aircraft Structures Involving Repair of composite pan from Radomes starting in 1970. through
Composite Materials 11 p (SEE N87-20174 13-01) Oct. 1986 s747 body faring and floor panels, to the repir Of carbon fier
(AGARD-CP-402) Avail: NTIS HC All /MF A01 composite control surfaces and access doors on the 8.757 is

Concepts and procedures for the rapid repair of battle-damaged covered. Most of the repairs have used cold-setting resins (wh
composite structures are discussed The damage consists of heat lamp assisted curing) but somo hot-setting adhesives andviungated or concentrated penetrations of slid wing skins and of pre-pregs have been used. Effort is being made to develop
elongteor conentated peettio of sd d ige ins ndiof techniques to facilitate the use of hot-setting adhesies More
honeycomb empennage The size of the damage, in conjunction information will be sought on diffusion and solubility coefficients
with the strength-critical nature of these structures, requires of all types of adhesives to aid selection and improve the durability
structural repairs ir order to restore a strength capability of rear.Ato
commensurate with the maximum expected flight loads and service repairs. Author

temperatures Guidelines for these repairs are based on the USAF N87-22664# Ministry of Defence, London (England)
concept of operation for aircraft battle damage repair Structural COST ANALYSIS OF AIRCRAFT PROJECTS
tests are being conducted 1o validate repair designs Damage D. FADDY In AGARD Improvement of Combat Performance for
simulation. repair design, damage cleanup, repair fabrication, and Existing and Future Aircraft 10 p (SEE N87-22663 16-05) Dec
available test results are reported Author 1986

(AGARD-CP-409) Avail: NTIS HC A07/MF A0l
The effect of advancing technology on the cost of past aircraft

and the implications for the future is reviewed. The validity Of
historical records for forecasting a future dominated by

N87-20190# Army Materials Technology Lab., Watertown. MA. technological change and the consequences of continued
UNCONVENTIONAL APPROACHES TO FIELD REPAIR escaation are discussed. It is argued that more prionty needs to
STANLEY E WENTWORTH. MICHAEL S. SENNETT. and JOHN be given to the reduction of sup..r cost and a way of looking at
W. GIBSON (Southern Research Inst., Birmingham. Ala.) In this as a direct contribution to military capability is suggested.
AGARD The Repair of Aircraft Structures Involving Composite The role of operations research is briefly emphasized and a more
Materials 8 p (SEE N87-20174 13-01) Oct. 1986 deliberately evolutionary approach to the production of aircraft is
(AGARD-CP-402) Avail: NTIS HC All/MF AOl advocated. Author

Field repair of composites presents special problems for the
Army where the repair might literally be performed in a field or N88,28857# Advisory Group for Aerospace Research and
other remote location. In such a situation, access to electric power Development. Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
both for refrigeration to preserve reactive resin systems and for BOUNDARY LAYER SIMULATION AND CONTROL IN WIND
heating to cure the patch, is severely limited. In order to circumvent TUNNELS
these problems, we have investigated some novel approaches to Apr. 1988 462 p
the packaging and curing of composite patches. One approach (AGARD-AR-224; tSBN-92-835-0457-7, AD-A198667) Avail:
involves a self-contained kit in which all of the patch components NTIS HC A20/MF A01
including the reinforcement are separate from ore another until The results of a study performed by AGARD Working Group
the peinci is needed, at which time they are combined in the 09 on boundary layer simulation in wind tunnels are presented
proper ratio by means of a simple operation. Shelf-life for such a with emphasis on the transonic speed regime. This report is
system, even without refrigeration is thus indefinite. Another intended to display the current state-of-the-art in boundary layer
approach makes use "" optical fibers to carry light energy into simulation where Reynolds number is or cannot be simulated and
the interior of an otherwise opaque graphite fiber-reinforced patch give attention to wind tunnel 'ffects as well as to document the
thereby permittiig the use of a photoi.. .micaL, curable matrix physical aspects of boundary layer simulation and the research
resin. Initial efforts to implement these apfrroches. some of the needed. Finally, a simulation methodology is proposed which can
difficulties e.icountered, and rurn- Vli "npts to c, jmvent them serve wind tunnel user and operator as an ordered thinking process
are discussed. Some new appri,.. :,. also outlined. Author for the design of wind tunnel tests where viscous effects are
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important. For individual titles. see N88-28858 through greater than that for improvement of the capabilities of the
N88-28877. machines. The purpose of this symposium was to provide a forum

to identify and discuss the elements contributing to the increased
N68-29717# Advisory Group fr Aar-xr.ce Research and time and cost development. and to explore the question of what
Development, Neuilly-Sur-Seine (France). Structures and Materials can be done to arrest and reverse the trend. Another aim of this
Panel. symposium was to encourage others in the nontechnical area to
THE FLIGHT OF FLEXIBLE AIRCRAFT IN TURBULENCE: join with the technical people in attacking these problems resolutely
STATE-OF-THE-ART IN THE DESCRIPTION AND MODELLING It is considered hat the meeting was successful in focusing
OF ATMOSPHERIC TURBULENCE attention on ths situation, showing what technologies can do to
Jun. 1988 111 p Meeting held in Zesme, Turkey. 4-Q lct. reduce development time and cost growth, and by highlighting
1987 key areas that must be addressed to reverse the trend. Author
(AGARD-R-734-ADD; ISBN-92-835-0458-5; AD-A198702) Avail:
NTIS HC A06/MF A01

The large scale use of flight recorders by commercial airlines. N89-10831# Advisory Group for Aerospace Research and
coupled with the enhanced quality of results offered by modem Development, Neuilly-Sur-Seine (France). Guidance and Control
computer based reduction processes makes it possible to broaden Panel.
knowledge of tho phenomenon of atmospheric turbulence. At the COMPUTING SYSTEMS CONFIGURATION FOR HIGHLY
same time, new methods for predicting the response of flexible INTEGRATED GUIDANCE AND CONTROL SYSTEMS
aircraft to turbulence are being proposed, and novel gust alleviation Jun. 1988 164 p Lectures held in Bourges. France, 20-21 Jun.
systems are being designed and tested. The presentations made 1988. in Neubiberg. West Germany, 23-24 Jun. 1988, and in Seattle,
at a workshop held for the discussion of these ideas are given. Wash., 6-7 Jul. 1988
For individual titles, see N8-29718 through N88-29724. (AGARD-LS-158; ISBN-92-835-0464-X; AD.A99308) Avail:

NTIS HC A08/MF A01
N88-29725# Advisory Group for Aerospace Research and Modem military air vehicles have to nomply with sophisticated
Development, Neuiliy-Sur-Seine (France). Structures and Materials performance requirements. As a result, full advantage must be
Panel. taken of the rapid advances in computer hardware/software and
THE FLIGHT OF FLEXIBLE AIRCRAFT IN TURBULENCE: future micro-electronics technologies. New design and development
STATE-OF-THE-ART IN THE DESCRIPTION AND MODELLING strategies must be implemented in order to obtain the overall
OF ATMOSPHERIC TURBULENCE performance benefits offered by advanced integrated systems for
Dec. 1987 187 p Meeting held in Athens, Greece. 28 Sep. - 3 guidance and control, avionics, weapon delivery and tactical
Oct. 1986 performance management. In a two-day program this Lecture
(AGARD-R-734; lSBN-92-835-0426-7; AD-A94870) Avail: NTIS Series addresses issues which have demonstrated notable and
HC A09/MF A01 outstanding advances in the field of computing system design.

The flight of flexible aircraft in turbulence was studied, design tools and techniques, computers, data buses, and
Presentations given at the first of two workshops on the subject architectures. In particular, the second day's program will show
are provided. Topics covered here are: (1) Measurements of how technological advances have enabled the design of a modern
turbulence by specially equipped aircraft, and (2) Data collection computing system architecture. Future trends and new directions
and reduction of incremental accelerations observed in commercial will be subjects for round table discussions. For individual titles.
flights. For individual titles, see N8-29726 through N88-29734. see N89-10832 through N89-10837.

N88-29735# Advisory Group for Aerospace Research and
Development, Neuilly-Sur-Sei a (France). Flight Mechanics
Panel.
ADVANCES IN FLYING QUALITIES 02
May 1988 194 p Lecture held in Delft, Netherlands, 26-27
May 1988, in Rome, Italy. 30-31 May 1988, and in Torrance, Calif.,
15-16 Jun. 1988 AERODYNAMICS
(AGARD-LS-157; ISBN-92-835.0461-5: AD-A199307) Avail: NTIS
HC A09/MF A01 Includes aerodynamics of bodies, combinations, wings, rotors, and

Judging the suitability of an aircraft to safely and effectively control surfaces: and internal flow in ducts and turbomachinery
perform its mission without undue pilot skill and discomfort is what
flying qualities is all about. Central to such judgement, and to the
design of suitable aircraft plus flight control systems, is an N86-27182# Advisory Group for Aerospace Research and
understanding of what the pilot can do with ease and comfort or Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel
ccversely what bothers him. The lectures are designed to impart TECHNICAL EVALUATION REPORT OF AGARD TECHNICAL
such understanding to both novice and seasoned practioners in EVALUATION MEETING ON UNSTEADY AERODYNAMICS:
flying qualities and flight control and thereby to provide the bridge FUNDAMENTALS AND APPLICATIONS TO AIRCRAFT
required to extend flying qualities requirements from simple classic DYNAMICS
response aircraft, to the responses attending the use of full time D. G. MABEY (Royal Aircraft Establishment, Bedford, England)
actve control. Mathematical models of pilot control behavior are and J. R. CHAMBERS (NASA. Langley Research Center, Hampton,
explained. The application of various model to flying qualities are VA) Jan. 1986 18 p Meeting held in Goettingen. Fed.
discussed; and the influences, regarding the generic likes and Republic of Germany, 6-9 May 1985
dislikes of pilots drawn from such studies are listed. For individual (AGARD-AR-222: ISBN-92-835-1515-3: AD-A167592) Avail:
titles, see N88-29736 through N88-29742 NTIS HC A02/MF A01 CSCL OA

From May 6 to 9, 1985, the Fluid Dynamics Panel and Flight
N$9-10001# Advisory Group for Aerospace Research and Mechanics Panel of AGARD jointly arranged a Symposium on
Development, Neuilly-Sur-Seine (France) Flight Mechanics Unsteady Aerodynamics-Fundamentals and Applications to Aircraft
Panel. Dynamics at the Stadthall. Goetlingen, West Germany. This
TECHNICAL EVALUATION REPORT ON THE FLIGHT Symposium was organized by an international program committee
MECHANICS PANEL SYMPOSIUM ON FLIGHT VEHICLE chaired by Dr K. J. Orlik-Ruckemann of the Fluid Dynamics Panel
DEVELOPMENT TIME AND COST REDUCTION The program consisted of five sessions grouped in two parts: It)
GERALD G KAYTEN (Kayten, Gerald G., Chevy Chase. Md ) Fundamentals of Unsteady Aerodynamics; and (2) Applications to
1988 16 p Symposium held in Toulouse, France, 11-14 May Aircraft Dynamics. The 35 papers presented at the 4 day meeting
1987 are published in AGARD CP 386 and listed in the Appendix, As
IAGARD-AR-244; ISBN-92-835-0473-9: AD-A199742) Avail: the papers are already available and cover a very wide field, the
NTIS HC A03/MF A01 evaluators have offered brief comments on every paper, followed

There is a currerl r arception that time and especially the cost by an overall evaluation of the meeting, together with some general
of the new systems are increasing at an ever accelerating rate conclusions and recommendations. Author
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N$6-27187# Advisory Group for Aerospace Research and NS7-20206"# National Aeronautics and Space Administration.
Development. Neuilly-Sur-Seine (France). Fluid Dynamics Panel. Ames Research Center, Moffett Field. CA.
AIRCRAFT DRAG PREDICTION AND REDUCTION. ADDENDUM THE PREDICTION OF TRANSONIC LOADING ON ADVANCING
1: COMPUTATIONAL DRAG ANALYSES AND MINIMIZATION; HELICOPTER ROTORS
MISSION IMPOSSIBLE? R. C. STRAWN and C. TUNG In AGARD Applications of
J. W. SLOOFF (National Aerospace Lab., Amsterdam. Computational Fluid Dynamics in Aeronautics 14 p (SEE

:Mherlands) Apr 1986 33 p Presented at Aircraft Drag N87-20199 13-02) Nov. 1986
Prediction and Reduction. Rhode Saint Genese, Belgium, 20-23 (AGARD-CP-412) Avail: NTIS HC A19/MF A01
May 1985, and Hampton, Va.. 5-8 Aug. 1985; sponsored by the Two different schemes are presented for including the effect
von Karman Inst. AGARD, and NASA Langley Research Center of rotor wakes on the finie-difference prediction of rotor loads.
(AGARD-R-723-ADD-1: ISBN-92-835-1524-2) Avail: NTIS HC The first formulation includes wake effects by means of a
A03IMF A01 blade-surface inflow specification. This approach is sufficiently

The Special Course on Aircraft Drag Prediction was sponsored sirnple to permit coupling of a full-potential finite-difference rotor
by the AGARD Fluid Dynamics Panel and the von Karman Institute code to a comprehensive integral model for the rotor wake and
and presented at the von Karman Institute, Rhode-Saint-Genese. blade motion. The coupling involves a transfer of appropriate loads
Belgium. on 20 to 23 May 1985 and at the NASA Langley Research and inflow data between the two computer codes. Results are
Center. Hampton. Virginia. USA, 5 to 6 August 1985. The course compared with experimental data for two advancing rotor cases.
began with a general review of drag reduction technology. Then The second rotor-wake modeling scheme is a spiat potential
the possibility of reduction of skin friction through control of laminar formulation for computing unsteady blade-vortex interactions,
flow and through modification of the structure of the turbulence in Discrete vortex fields are introduced into a three-dimensional.
the boundary layer were discussed. Methods for predicting and conservative, full-potential rotor code. Computer predictions are
reducing the drag of external stores, of nacelles, of fuselage compared with two experimental blade-vortex interaction cases.
protuberances. and of fuselage afterbodies were then presented Author
followed by discussion of transonic drag rise. The prediction of
viscous and wave drag hy a method matching irviscid flow
calculations and boundary layer integral calculations, and the
reduction of transonic drag through boundary layer control are
also discussed. This volume comprises Paper No.9 Computational
Drag Analyses and Minimization: Mission Impossible? which was
not included in AGARD Report 723 (main volume). Author N8720207# Canadair Ltd., Montreal (Quebec).

PREDICTION OF WING-BODY-STORE AERODYNAMICS USING
A SMALL PERTURBATION METHOD AND A GRID EMBEDDING
TECHNIQUE
FASSI KAFYEKE In AGARD Applications of Computational Fluid

N86-32408# Dynetics. Inc.. Huntsville. AL. Fluid Dynamics Dynamics in AEronautics 13 p (SEE N87-20199 13-02) Nov,
Panel. 1986 Sponsored by Department of National Defence of Canada
AERODYNAMICS OF AIRCRAFT AFTERSODY: REPORT OF THE (AGARD-CP-412) Avail: NTIS HC A19/MF A01
WORKING GROUP ON AERODYNAMICS OF AIRCRAFT A computer program providing accurate and cost effective
AFTERBODY predictions of transonic flow fields about three dimensional
1986 348 p configurations has been developed at Canadair. The computation
(AGARD-AR-226: AD-A172341) Avail: NTIS HC A15/MF A01 scheme uses the Small Perturbation Equation and a grid embedding

Aircraft afferbody design is still one of the most critical problems technique. The flow field is solved iteratively, using successive
for industry, especially in fighter aircraft development. The flow line overrelaxation. The comparisons between computed results
around the rear part of the fuselage is characterized by the and experiment for a wing-body and a generic wing-body-
simultaneous occurrence of interfering physical phenomena such pylon-store configuration show that a good level of accuracy
as thick turbulent boundary layers, viscous flow separation, hot jet can be obtained with this approach. The program was
interference at the base and the boat tail, and (et plume expansion written with the overall emphasis on lowenng the computation
in three-dimensional transonic and supersonic flow. Even time and is considered as a stepping stone towards a full
experimental techniques hardly fulfill requirements for correct wind aircraft-store aerodynamic simulation. The potential of the method
tunnel simulation of all effects. Drag prediction and drag for analyzing complex three dimensional configurations is
minimizabon procedures for complex configurations are strongly discussed, showing that the code is a very practical tool for the
dependent on the reliability of numerical and experimental flowfield design office, for parametric studies or as a lead program for
simulation. This publication reports on the progress which has more sophisticated investigations using Euler or Navier-Stokes
been made by AGARD-FDP Working Croup WG08, established to solvers. Author
evaluate the state-of-the-art in experimental and computational
techniques for aircraft afterbodies. Author

N87-20199# Advisory Group for Aerospace Research and N87-20208# National Aerospace Lab., Amsterdam (Netherlands).
Development. Neuilly-Sur-Seine (France). Fluid Dynamics Panel. Information Div.
APPLICATIONS OF COMPUTATIONAL FLUID DYNAMICS IN MATRICS, TRANSONIC POTENTIAL FLOW CALCULATIONS
AERONAUTICS ABOUT TRANSPORT AIRCRAFT
Nov. 1986 428 p In ENGLISH and FRENCH Symposium J. VANDERVOOREN. A. J. VANDERWEES, and J. H. MEELKER
hei in Aix-en-Provence. France. 7-10 Apr. 1986 In AGARD Applications of Computational Fluid Dynamics in
(AGARD-CP-412; ISBN-92.835-0402-X; AD-A177380) Avail: Aeronautics 14 p (SEE N87-20i99 13-02) Nov. 1986 Sponsored
NTIS HC Atg/MF A01 in parl by Netherlands Agency for Aerospace Programs (NIVR)

The oal of the symposium was to provide a balanced, if not (AGARD-CP-412) Avail: NTIS HC A19/MF A01
exhaustive, assessment of the status of computational fluid MATRICS is a system under development for the calculation
dynamics in aerodynamic design and analysis, where CFD is making of transonic (potential) flow about transport aircraft. The motivation
an increasingly major impact. The rapid progress in computer for this development is discussed, as well as the basic concepts
capability. the general availability of large scale cnmjputers and of the system. Details of the full potential flow sofver, involving
parallel achievements in numerical analysis, algorithm development the newly developed Implicit Lower Upper decomposition/Strongly
and user experience were evidenced by the presentations. The Implicit Procedures (ILU/SIP) relaxation scheme, are given. A
sessions were diddd into subject areas of: grid generation, inviscid discussion on computer power required and some infornatics
flow, viscous-inviscid interactions, arid Navier-Stokes solutions. For aspects are also presented. Results of computations are presented
individual titles see N87-20200 through N87-20231. and discussed. Author
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N87-20209# British Aerospace Aircraft Group, Warton (England). codes are utilized herein to generate an inviscid analysis of an
Fluid Dynamics Section. entire F-16 transonic flowield. Preliminary results are presented
APPMCATIONS AND DEVELOPMENTS OF COMPUTATIONAL and are seen to compare well with experimental data. Even better
METHODS FOR THE AERODYNAMIC PROBLEMS OF COMPLEX correlation with experimental data is expected once a fully
CONFIGURATIONS converged solution is obtained. Author
J. A. H. PETRIE and P. M. SINCLAIR In AGARD Applications of
Computational Fluid Dynamics in Aeronautics 14 p (SEE N87-20218# Imperial Coll. of Science and Technology, London
N87-20199 13-02) Nov. 1986 (England). Dept. of Mechanical Engineenng.
(AGARD-CP-412) Avail: NTIS HC A19/MF AOl COMPARISON OF FINITE DIFFERENCE CALCULATIONS OF A

Problems encountered by the Aerodynamicist at a military design LARGE REGION OF RECIRCULATING FLOW NEAR AN AIRFOIL
site are characterised by complex geometry and complex flow TRAILING EDGE
conditions. Because of the limitations of current Computational L. REIS and B. E. THOMPSON (Waterloo Univ., Ontario.) In
Fluid Dynamics (CFD) technology, its use represents a compromise AGARD Applications of Computational Fluid Dynamics in
in one or both of these areas. The way in which sensible use of Aeronautics 21 p (SEE N87-20199 13-02) Nov. 1986 Sponsored
the current generation of CFD codes can generate useful by British Ministry of Defense, Institute National de Investigacao
aerodynamic design data is illustrated by three particular exampias; Cientifics of Portugal and the National Science and Engineering
wing design, installed store loading and the prediction of store Council of Canada
release trajectories. Although these examples will show that data (AGARD-CP-412) Avail: NTIS HC A19/MF A01
can be generated by such techniques, they are by no means Calculations are presented for a turbulent boundary layer which
ideal. As an alternative to the methods being widely developed separates upstream of a sharp trailing edge and results in a large
which require a body fitted grid. BAe Brough is developing an region of recirculating flow and a curved downstream wake. The
integral method which uses a rectangular grid passing through solutions obtained from two precedures that solve finite-difference
the configuration surface(s). The theory behind this method will equations formulated with hybrid combinations of upwind-central
be presented together with some results which show the technique and bounded skew-upwind-central difference approximations for
to have great promise. Author convective terms, are compared. Numerical error was smaller, and

accordingly less false diffusion was apparent, in the bounded-skew
N87-20214# Massachusetts Inst. of Tech., Cambridge. CFD calculations although there was no significant improvement in the
Lab. agreemer

t 
with experiment. Agreement between measured and

APPLICATIONS OF EULER EQUATIONS TO SHARP EDGE calculated values of the lift coefficient was within 3% and required
DELTA WINGS WITH LEADING EDGE VORTICES representation of momentum transport and pressure gradient
EARLL M. MURMAN and ARTHUR RIZZI (Aeronautical Research normal to the surface, but the measured drag coefficient was less
Inst. of Sweden, Bromma.) In AGARD Applications of than 80% of that obtained in both calculations. Deficiencies are
Computational Fluid Dynamics in Aeronautics 13 p (SEE attributable, in part, to turbulence-model assumptions which do
N87-20199 13-02) Nov. 1986 not represent the effects of stabilizing and destabilizing streamline
(Contract NAG1-358) curvature and the complex interaction of the backfiow,
(AGARD-CP-412) Avail: NTIS HC A19/MF A01 pressure-side and curved suction-xide boundary layers in the vicinity

Studies on the solution of discrete Euler equations past swept of the rear stagnation point downstream of the trailing edge.
delta wing configurations with sharp leding edges are presented. Author
Freestream Mach numbers range from zero to supersonic, although
the Mach number normal to the leading edge is subsonic for all N87-20219# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
cases discussed. A few examples are given to show the application (Germany, F.R.).
of the numerical methods to representative problems. The major ZONAL SOLUTIONS FOR AIRFOILS USING EULER
dicussion is directed at the application of Computational Fluid BOUNDARY-LAYER AND NAVIER-STOKES EQUATIONS
Dynamics to the understanding of the fundamental fluid mechanic M. A. SCHMATZ and E. H. HIRSCHEL In AGARD Applications
mechanisms of this class of flows. Author of Computational Fluid Dynamics in Aeronautics 13 p (SEE

N87-20199 13-02) Nov. 1986
N87-20215# Avions Marcel Dassault, Saint-Cloud (France). Dept. (AGARD-CP-412) Avail: NTIS HC A19/MF A01
d'Aerodynamique Theorique. A method is presented to simulate steady viscous flows by a
UTILIZATION OF EULER CODES IN NONLINEAR zonal concept, where local solutions of the Navier-Stokes equations
AERODYNAMICS [UTILISATION DES CODES EULER EN are coupled with solutions of the Euler and the boundary-layer
AERODYNAMIGUE NON LINEAIRE] equations. The basic idea is to solve the Navier-Stokes equations
PIERRE PERRIER In AGARD Applications of Computational only in those zones of the flowfield where strong interaction occurs.
Fluid Dynamics in Aeronautics 8 p (SEE N87-20199 13-02) Nov. The overall goal is to reduce the computation costs. The governing
1986 In FRENCH equations and the coupling procedures are presented for general
(AGARD-CP-412) Avail: NTIS HC AIg/MF A0l three dimensional viscous flows. Results are given from two

Principal solution techniques for Euler problems are reviewed dimensional applications obtained with an alternating coupling
including the finite difference and finite volume methods, the finite scheme. Then a close coupling scheme is introduced. For this
element method, perturbation techniques for potential purpose a new relaxation approach for the implicit unfactored Euler
non-rotational solutions, and methods covering rotational zones, and Navier-Stokes equations was implemented. The computed
Specific examples of Euler code computations are discussed, results demonstrate good capability for the close approach.
namely, air intake. nonstationary, and hypersonic calculations. Author
Finally, the use of Euler codes as approximations of Navier-Stokes
codes is examined. M.G. N87-20220# Istanbul Univ. (Tuikey. Faculty of Aeronautics

and Astronautics.
N87.20217# General Dynamics Corp., Fort Worth, TX. NUMERICAL INVESTIGATION OF THE LAMINAR BOUNDARY
ANALYSIS OF THE F-16 FLOW FIELD BY A BLOCK GRID LAYER ON A 3-D BODY STARTED IMPULSIVELY FROM REST
EULER APPROACH U. GULCAT In AGARD Applications of Computational FRuid
STEVE L KARMAN, JR., JOHN P. STEINBRENNER. and KEITH dynamics in Aeronautics 6 p (SEE N87-20199 13-02) Nov
M. KISIELEWSKI In AGARD Applications of Computational Fluid 1986
Dynamics in Aeronautics 14 p (SEE N87-20199 13-02) Nov. (AGARD-CP-412) Avail: NTIS HC A19/MF A01
1986 Unsteady flow of viscous incompressible fluid external to three
kAGARD-CP-4t2) Avail: NTIS HC At9IMF AOl dimensional bodies is considered. Based on the boundary layer

A grid generation procedure was developed to create complex concept the simplified version of the equations of motion are
block grid systems, beginning with the generation of block surfaces, expressed in non-orthogonal coordinatc- which fits to body surface.
up to the generation of the full block volume grids. Parallel to The differential form of the equations are discretised with finite
this, a multiple block Euler equation solver was developed using differencing to give a sc.lution procedure which does not require
a hybrid flux vector split and split MacCormack scheme, written any iteration while marching in space and in time. The procedure
to allow very general boundary conditions specification. The two developed first tested for the flow past a circular cylinder. The
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results obtained are compared with the experimental and the results atomzabon, devolatization, nucleation, chemical reactions, surface
of the previous numerical works available. Finally three dimensional tension and surface roughness. This modeling can only be achieved
inpulsive flow past an oblate spheroid is considered. The metric after a series of numerical computations are combined with
coefficients and all the necessary geometrical featues ,rhtAine- valodmti- rt. .r.s. It a;sO appears necessary that new
analytically are used in the governing equations. The numeri"l numencal damping factors must be developed for iCFD in order
solution is carried until the time of flow reversal that occurs at the to account for the new physics added to the problem with the
rear stagnation point of the spheroid. Author attendant mathematical stiffness difficulties. Author

N87-20221# Societe Nationale Industrielle Aerospatiale. N$720227# National Aeronautics and Space Administration
Marignane (France). Din. Helicopteres. Ames Research Center, Moffett Field, CA.
THEORETICAL ANALYSIS OF FLOWS AROUND HELICOPTER HIGH SPEED VISCOUS FLOW CALCULATIONS ABOUT
FUSELAGES: APPLICATION TO DESIGN AND DEVELOPMENT COMPLEX CONFIGURATIONS
A. CLER In AGARD Applications of Computational Fluid Dynamics DENNY S. CHAUSSEE in AGARD Applications of Computational
in Aeronautics 8 p (SEE N87-20199 13-02) Nov. 1986 Fluid Dynamics in Aeronautics 16 p (SEE N87-20t99 13-02) Nov.
(AGARD-CP-412) Avail: NTIS HC A19/MF A0t 1986

Three dimensional aerodynamic calculations as applied to (AGARD-CP-412) Avail: NTIS HC At9/MF A0t CSCL 01A
fuselage design are described. Three levels of complexity may be A review of past parabolized Navier-Stokes applications is
distinguished in the calculation programs: (1) a singularities method presented. The equations, boundary conditions, the numerical
describing the potential flow around a fuselage, (2) an integral method and the grid generation are all discussed. Results ranging
three dimensional boundary layer method for predicting three from the low supersonic regime to the hypersonic regime are
dimensional separations, and (3) a point vortex wake model. The included. Author
first two methods are routinely used with very short response
times, either on complete fuselages or for specific aircraft sections. N87-20228# National Aeronautics and Space Administration.
Close agreement is obtained with the available experimental results. Ames Research Center. Moffett Field, CA.
Various examples are given of applications to project or TRANSONIC NAVIER-STOKES WING SOLUTION USING A
development work. Operational calculations cannot yet be ZONAL APPROACH. PART 1: SOLUTION METHODOLOGY AND
performed with the wake model, as the method is still under CODE VALIDATION
development. In the current state of the art, aerodynamic J. FLORES, T. L. HOLST, UNVER KAYNAK (Sterling Software,
calculations provide undeniable services but can by no means Palo Alto, Calif.), K. GUNDY, and S. 0. THOMAS In AGARD
replace wind tunnel tests for determining complete aircraft drag. Applications of Computational Fluid Dynamics in Aeronautics 12

Author p (SEE N87-20199 13-02) Nov. 1986 Previously announced as

N87-20224# Royal Aircraft Establishment, Famborough (England). N86-29765

Aerodynamics Dept. (AGARD-CP-412) Avail: NTISHCA19/MFA01 CSCL01A
APPLICATIONS OF RAE VISCOUS FLOW METHODS NEAR A fast diagonalized Beam-Warming algorithm is coupled with aSEPARATION BOUNDARIES FOR THREE-DIMENSIONAL zonal approach to solve the three dimensional Euler/Navier-Stokes
WINGS IN TRANSONIC FLOW equations. The computer code, called Transonic Navier-Stokes
M. C. P. FIRMIN n AGARD Applications of Computational Fluid (TNS), uses a total of four zones for wing configurations (or can
Dynamics in Aeronautics 14 P (SEE N87-20199 13-02) Nov. be extended to complete aircraft configurations by adding zones).
1986 In the inner blocks near the wing surface, the thin-layer

(AGARD-CP-412) Avail: NTIS HC At9/MF A01 Navier-Stokes equations are solved, while in the outer two blocks
Three applications of computational fluid dynamics (CFD) at the Euler equations are solved. The diagonal algorithm yields a

high subsonic speeds, with transonic flow, are presented. Two of speedup of as much as a factor of 40 over the original

these relate to the prediction of the pressure distribution over algorithm/zonal method code. The TNS code, in addition, has the

swept wings at conditions close to the separation boundary and capability to model wind tunnel walls. Transonic viscous solutions
one to the design of a swept wing tor a wind-tunnel model. The are obtained on a 150.000-point mesh for a NACA 0012 wing. A

methods involved are a potential flow treatment of the inviscid thrxe-order-of-magnitud drop in the L2-norm of the residual
flow couplc:i with a three dimensional, integral treatment of the requires approximately 500 iterations, which takes about 45 min

turbulent boundary layer. The coupling between the viscous and of CPU time on a Cray-XMP processor. Simulations are also

inviscid flow codes is direct, through a transpiration condition at conducted for a different geometrical wing called WING C. All
the wing surface and on a surface downstream of the wing. cases show good agreement with experimental data. Author

Author
N87-20229 # National Aeronautics and Space Administration.

N87-20225# Air Force Wright Aeronautical Labs., Ames Research Center, Moffett Field, CA.
Wrght-Patterson AF6. OH. TRANSONIC NAVIER-STOKES WING SOLUTIONS USING A
APPLICATION OF THE NAVIER-STOKES EOUATIONS TO ZONAL APPROACH. PART 2: HIGH ANGLE-OF-ATTACK
SOLVE AERODYNAMIC PROBLEMS SIMULATION
J. S. SHANG and W. L. HANKEY (Wright State Univ., Dayton, NEAL M. CHADERJIAN In AGARD Applications of Computational
Ohio.) In AGARD Applications of Computational Fluid Dynamics Fluid Dynamics in Aeronautics 9 p (SEE N87-20199 13-02) Nov.
in Aeronautics 12 p (SEE N87-20199 13-02) Nov. 1986 1986 Previously announced as N86-32392
(AGARD-CP-412) Avail: NTIS HC At9/MF A01 (AGARD-CP-412) Avail: NTIS HC At9/MF A01 CSCL OA

An area presently evolving is Interdisciplinary Computational A computer code is under development whereby the thin-layer
Fluid Dynamics (ICFD) in which the Navier-Stokes equations are Reynolds-averaged Navier-Stokes equations are to be applied to
coupled to another set of equations to solve interacting problems, realistic fighter aircraft configurations. This transonic Navier-Stokes
The large computers approaching will permit elaborate solutions code (TNS) utilizes a zonal approach in order to treat complex
to these ICFD problems. Therefore, research on generic systems geometries and satisfy in-core computer memory constraints. The
of equations by the CFD community is required to assist engineers zonal approach was applied to isolated wing geometries in order
to solve their coupled problems. Already some of the necessary to facilitate code development. The TNS finite difference algorithm,
research has been accomplished to solve ICFD problems. zonal methodology, and code validation with experimental data is
Advantage is taken of the present numerical algorithms and grid addressed. Also addressed are some numerical issues such as
generation. The conservation form for the governing equations code robustness, efficiency, and accuracy at high angles of attack.
can be utilized and the field data to exploit vector processors can Special free-stream-preserving metics proved an effective way to
be arranged. However, new technology must be developed to treat H-mesh singularities over a large range of severe flow
model complex interface boundary conditions and to incorporate conditions, including strong leading edge flow gradients, massive
a variety of constitutive relationships for the state variables and shock induced separation, and stall. Furthermore, tift and drag
transport processors. Also, it will become necessary to model coefficients were computed for a wing up through CLmax.
many physical processes that are below subgrid scale. Examples Numerical oil flow patterns and particle trajectories are presented
of subgrid scale modeling phenomenon are turbulence, evaporation, both for subcritical and transonic flow. These flow simulations are
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rich with complex separated flow physics and demonstrate the formulations were reviewed. Emphases was placed on the
efficiency and robustness of the zonal approach, Author description of linearized two-dimensional unsteady aerodynamic

theories and On the derivation of a rather general linearization
467-20230# Deutsche Forschungs- und Versuchsanstat tuer that accounts tor the effects of blade geometry, mean blade loading
Luf- und Raumfahrt, Goettingen (Germany. F.R.). Inst. for and shocks and their motions on aerodynamic response to
Theoretical Fluid Mechanics. prescribed structural and aerodynamic excitations. R.JF.
SIMULATION OF THREE-DIMENSIONAL TRANSONIC FLOW
WITH SEPARATION PAST A HEMISPHERE CYLINDER
CONFIGURATION N87-24400 Cambridge Univ. (England). Dept. of Engineering.
W. KORDULLA, H. VOLLMERS, and U. DALLMANN In AGARD CLASSICAL TWO-DIMENSIONAL METHODS
Applications of Computational Fluid Dynamics in Aeronautics 15 D. S. WHITEHEAD In AGARD Aeroelasticity in Axial-Flow
p (SEE N87-20199 13-02) Nov. 1986 Turbomachines. Volume 1: Unsteady Turbomachinery
(Contract DA-183/1-1/2) Aerodynamics 30 p (SEE N87-24398 18-02) Mar. 1987
(AGARD-CP-412) Avail: NTIS HC A19/MF A01 (AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01

The numencal simulation of the transonic laminar flow past a The most important two-dimensional solutions which can be
hemisphere cylinder at an angle of incidence of 0 deg and 19 obtained by the superposition of elementary analytical solutions
deg is presented. In both cases the computations suggest unsteady are presented. This has enabled cascades of flat plates to be
flow behavior which requires further investigations, in particular treated up to Mach numbers at which the axial velocity becomes
because other applications by similar methods in two and three sonic. Singularity theory valid for incompressible flow through
dimensions do allow the simulation of symmetric transonic and cascades of thick cambered blades is discussed. Author
steady supersonic flows. One instantaneous flow result for the 19
deg case is used as an example to analyze the topology of a
flow with separation. The analysis shows that the numerical N87-24401 Kyushu Univ.. Fukuoka (Japan). Dept. of Aeronautical
simulation yields results consixtent with possible topological Engineering.
structures. and can be used further to investigate steady state THREE-DIMENSIONAL FLOWS
flows with separation. Author MASANOBU NAMBA In AGARD Aeroeiasticity in Axial-Flow

Turbomachines. Volume 1: Unsteady Turbomachinery
N87-20231*# Air Force Wright Aeronautical Labs., Aerodynamics 30 p (SEE N87-24398 18-02) Mar. 1987
Wright-Patterson AFB, OH. (AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01
NUMERICAL SIMULATION OF THE FLOW FIELD AROUND A The objective is to outline the available theoretical methods
COMPLETE AIRCRAFT which can predict various three-dimensional effects upon unsteady
J. S. SHANG and S. J. SCHERR In AGARD Applications of blade loadings. An attempt is made to describe typical features of
Computational Fluid Dynamics in Aeronautics 11 p (SEE three-dimensional effects revealed by those theoretical methods.
N87-20199 13-02) Nov. 1986 Sponsored by NASA Author
(AGARD-CP-412) Avail: NTIS HC A19/MF A01

The present effort represents a first attempt of numerical
simulation of the flow field around a complete aircraft-like. lifting N87-24402 Office National d'Etudes at de Rechc,.hzs
configuration utilizing the Reynolds averaged Navier-Stokes Aerospatiales, Paris (rance).
equations. The numerical solution generated for the experimental THREE-DIMENSIONAL FLOW
aircraft concept X24C-10D at a Mach number of 5.95 not only PIERRE SALAUN In AGARD Aeroelasticity in Axial-Flow
exhibited accurate prediction of detailed flow properties but also Turbomachines. Volume 1: Unsteady Turbomachinery
of the integrated aerodynamic coefficients. In addition, the present Aerodynamics 17 p (SEE N87-24398 18-02) Mar. 1987
analysis demonstrated that a page structure of data collected into (AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01
cyclic blocks is an efficient and viable means for processing the A single annular blade row with a finite number of vibrating
Navier-Stokes equations on the CRAY XMP-22 computer ,ith blades which are rotating at a constant angular velocity in an
external memory device. Author infinitely long cylindrical duct is considered. The only cases

considered are those where the relative velocity is either subsonic
N87-24398# Advisory Group for Aerospace Research and or supersonic over all of the blades. R.J.F.
Development, Neuilty-Sur-Seine (France). Propulsion and
Energetics Panel.
AEROELASTICITY IN AXIAL-FLOW TURBOMACHINES. N87-24403 TopExpress Ltd., Cambridge (England).
VOLUME 1: UNSTEADY TURBOMACHINERY AERODYNAMICS NUMERICAL METHODS FOR UNSTEADY TRANSONIC FLOW
MAX F. PLATZER. ad. and FRANKLIN 0. CARTA. ad. (United E. ACTON and S. G. NEWTON (Rolls-Royce Ltd., Derby. England)
Technologies Research Center, East Hartford, Conn.) Mar. 1987 In AGARD Aeroelasticity in Axial-Flow Turbomaclines. Volume
276 p 1. Unsteady Turbomachinery Aerodynamics 21 p (SEE N87-24398
(AGARD-AG-298-VOL-1; ISBN-92-835-1543-9: AD-A181676) 18-02) Mar. 1987
Avail: NTIS HC A13/MF A01 (AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01

The field of unsteady turbomachinery aerodynamics is Some of the numerical methods used in aeroelastic problems
reviewed. Linearized unsteady aerodynamic theory, classical to calculate unsteady transonic flow are reviewed. Blade flutter
two-dimensional methods, three-dimensional flows, unsteady and force response are studied. Author
transonic flow, stall flutter, forced vibration, fan blade flutter, and
unsteady aerodynamic measurements on rotors are among the
topics discussed. For individual titles, see N87-24399 through N87-24405 Purdue Univ., West Lafayette. IN. Thermal Sciences
N87-24408. and Propulsion Center.

UNSTEADY AERODYNAMIC MEASUREMENTS IN FLUTTER
NS-243f9 United Technologies Research Center, East Hartford, RESEARCH
CT. SANFORD FLEETER and ROBERT L. JAY (General Motors Corp.,
LINEARIZED UNSTEADY AERODYNAMIC THEORY Indianapolis, Ind.) In AGARD Aeroelasticity in Axial-Flow
JOSEPH M. VERDON In AGARD Aeroelasticity in Axial-Flow Turbomachines. Volume 1: Unsteady Turbomachinery
Turbomechines. Volume 1: Unsteady Turbomachinery Aerodynamics 18 p (SEE N87-24398 1802) Mar. 1987
Aerodynamiis 31 p (SEE N87-24398 18-02) Mar. 1987 (AGARD-AG-298.VOL-1) Avail: NTIS HC A13/MF A01
Sponsored by Naval Air Systems Command and Air Force Office Various aspects of unsteady aerodynamic flutter expenments
of Scientific Research were considered. Overall objectives included the validation of
(AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01 analysis, the development of a flutter boundary data bank, and

The importance, complexity and variety of the unsteady flow concept investigations. Expenimental modeling requirements and
phenomena occurring in axial flow turbomachines; the major the applicability of high speed rotating rigs, stationary annular
assumptions used in theoretical aerodynamic formulations intended cascades, and two-dimensional linear cascade facilities were
for aeroefastic investigations; and the requirements placed on such discussed in terms of the overall objectives. Author
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N67-24406 General Motors Corp., Indianapolis, IN. Gas Turbine N87-24479# Office National d'Etudes at de Recherches
Div. Aerospatiales, Paris (France).
UNSTEADY AERODYNAMIC MEASUREMENTS IN FORCED EXPERIMENTAL DETERMINATION OF THE TRANSFER
VIBRATION RESEARCH FUNCTION OF AN AXIAL COMPRESSOR TO DISTORTED INLET
ROBERT L. JAY and SANFORD FLEETER (Purdue Univ., West FLOW [DETERMINATION EXPERIMENTALE DES LOIS DE
Lafayette. Ind.) In AGARD Aeroelasticity in Axial-Flow TRANSFERT DE PERTURBATIONS A LA TRAVERSEE DUN
Turbomachines. Volume 1: Unsteady Turbomachinery COMPRESSEUR AXIAL]
Aerodynamics 38 p (SEE N87-24398 18-02) Mar. 1987 JACQUES HUARD In AGARD Engine Response to Distorted
(AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF AOl Inflow Conditions 11 p (SEE N87-24464 18-07) Mar 1987 In

By defining the operating environment of turbomachinery blading FRENCH; ENGLISH summary Original language document was
in terms of absolute and relative velocity fields, airfoil dynamic announced in IAA as A87-21025
mode shapes, and reduced frequency ranges, the applicability of (AGARD-CP-400) Avail: NTIS HC A14/MF A01
vanous flow facilities in establishing critical time varying aeroelastic Transfer equations were identified for disturbances introduced
data needed for the solution of flutter and forced vibration problems into an axial flow compressor by disturbances to the flow across
was examined. Author the inlet. The rotating blade rows are represented as a

semi-actuator disk and aerothermodynamc values of the flow
upstream and downstream of the disk are related by the transfer
equations. The equations were derived from experimental data on
the displacement of streamlines and the pressure changes after a
distortion screen upstream from a blade row. Upstream flow

N87-24407 Office National d'Etudes et de Recherches distortions had a linear quasi-sinusoidal periodicity. while those
Aerospatiales, Paris (France). between rows varied bilinearly. IAA
UNDERSTANDING FAN BLADE FLUTTER THROUGH LINEAR
CASCADE AEROELASTIC TESTING N87-26881# Leicester Univ. (England). Fluid Dynamics Panel.
EDMOND SZECHENYI In AGARD Aeroelasticity in Axial-Flow THE AERODYNAMICS OF PARACHUTES
Turbomachines. Volume I: Unsteady Turbomachinery D. J. COCKRELL and A. D. YOUNG, ed. Jul. 1987 81 p
Aerodynamics 16 p (SEE N87-24398 18-02) Mar. 1987 Sponsored by AGARD. Neuilly-sur-Seine France
(AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01 (AGARD-AG-295; ISBN-92-835-0422-4; AD-At84620) Avail:

An attempt is made to give some insight into the causes and NTIS HC A05/MF A01
origins of different flutter regimes. The discussion is based on This AGARD report discusses the principal aerodynamic
experimental data obtained in a linear cascade. For subtransonic characteristics of parachutes and the factors which affect them. It
flutter the validrty of the cascade measurements is tested by is anticipated that its main readers will be recent engineering
comparison with actual compressor data. Author graduates entering research establishments, parachute companies

or related industries so some appreciation of basic mechanics.
the principles of computing and elementary fluid dynamics on the
part of the reader has been assumed. Its contents include
Steady-State and Unsteady Aerodynamics, Parachute Deployment
and Inflation, Experimental Investigations, Methods of analysis,

N87-24408 Technische Hochschule, Aachen (Germany, F.R.). Extraterrestrial Parachute Applications, and some suggestions for
Inst. fuer Strahlantriebe. future research. Author
UNSTEADY AERODYNAMIC MEASUREMENTS ON ROTORS
HEINZ E. GALLUS In AGARD Aeroelasticity in Axial-Flow N87-28518# Advisory Group for Aerospace Research and
Turbomachines. Volume 1: Unsteady Turbomachinery Development, Neuilly-Sur-Seine (France). Structures and Materials
Aerodynamics 18 p (SEE N87-24398 18-02) Mar. 1987 Panel.
(AGARD-AG-298-VOL-1) Avail: NTIS HC A13/MF A01 FUTURE RESEARCH ON TRANSONIC UNSTEADY

A review is given of the wide variety of fluid and structural AERODYNAMICS AND ITS AEROELASTIC APPLICATIONS
measurements used on rotors. Techniques for displacement and Aug. 1987 45 p Meeting held in Athens, Greece, 28 Sep. - 3
vibration measurement of rotor blades, for unsteady flow Oct. 1986
measurement, for unsteady blade static pressure measurement, (AGARD-R-749; ISBN-92-835-0425-9; AD-A184769) Avail: NTIS
and for flow field and rotor wake studies are discussed. Flow HC A03/MF A01
visualizatior. employing Schlieren and shadowgraph techniques, gas The workshop focused on strategies for promoting and
fluorescence, holographic interferometry, and laser velocimetry are developing engineering level transonic flutter prediction techniques.
discussed. R.J.F. The technology of transonic aerodynamics is currently undergoing

rapid development. Significant progress is being made to solve
the inherently nonlinear equations describing unsteady motions of
wings in transonic flow. while the availability of reliable and efficient
computational methods will greatly enhance the ability to predict
the aeroelastic behavior of modern aircraft operating under

N67-24478# Rockwell International Corp.. Los Angeles, CA. transonic flow conditions. For individual titles, see N87-28519
Aircraft Operations. through N87-28520.
UNSTEADY INLET DISTORTION CHARACTERISTICS WITH THE
B-1B N87-28519*# National Aeronautics and Space Administration.
C. J. MACMILLER and W. R. HAAGENSON In AGARD Engine Langley Research Center, Hampton, VA.
Response to Distorted Inflow Conditions 17 p (SEE N87-24464 DEVELOPMENT OF COMPUTATIONAL METHODS FOR
18-07) Mar. 1987 UNSTEADY AERODYNAMICS AT THE NASA LANGLEY
(AGARD-CP-400) Avail: NTIS HC A14/MF AOl RESEARCH CENTER

An extensive wind tunnel and flight test program was conducted E. CARSON YATES. JR. and WOODROW WHITLOW, JR. In
to verify inlet performance and distortion characteristics on the AGARD. Future Research on Transonic Unsteady Aerodynamics
B-IB aircraft. During the course of these investigations, several and Its Aeroelastic Applications 20 p (SEE N87-28518 23-02) Aug.
unsteady, fotal-pressure disturbances at various discrete 1987 Previously announced as N87-21859
frequencies were encountered: (1) inlet duct resonance at low (AGARD-R-749; NAS 1.15:89133) Avail: NTIS HC A03/MF A01
power settings; (2) environmental control system (ECS) precooler CSCL 01B
duct resioniatce; and (3) nose gear wake ingestion. This resulted The current scope, recent progress, and plans for research
in the need to quantify these effects and assess the impact on and development of computPtional methods for unsteady
engine stability characteristics. As a result, engine control features aerodynamics at the NASA Langley Research Center are reviewed.
were modified, and aircraft configuration changes were Both integral equations and finite difference methods for invisid
implemented. Results and findings of these investigations are and viscous flows are discussed. Although the great bulk of the
summarized. Author effort has focused on finite difference solution of the transonic
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small perturbation equation, the integral equation program is given hypersonic facility gun tunnel of the institute. Some of these
pnmary emphasis here because it is less well known. Author activities during the last year are summarized. The first problem

to be treated is that of a blunt body of revolution with subsonic
N87-28520# Messerschmitt-Boelkow-Blohm G.m.b.H., Bremen blowing in th, stagnation point region against the hypersonic main
(Germany. F.R.). flow. Surtace pressure and heat transfer measurements were
COMPARISON BETWEEN 2D TRANSONIC FLUTTER carried ou; for two bodies at different free-stream Mach numbers
CALCULATIONS IN THE TIME AND FREQUENCY DOMAIN and for various blowing rates. Remarkable agreement was obtained
HELMUT ZIMMERMANN and BERND SCHULZE In AGARD. in comparison with a combination of Newtonian and potential
Future Research on Transonic Unsteady Aerodynamics and Its theory. The second problem discussed is that of the hypersonic
Aeroelastic Applications 16 p (SEE N87-28518 23-02) Aug. flow in comers formed by intersecting swept wedges. The corner
1987 angle and the leading-edge sweep angle were varied systematically.
(AGARD-R-749) Avail: NTIS HC A03/MF A01 The flow field was analyzed by means of pitot pressure

Unsteady airloads in the transonic speed range for the measurements in a characteristic cross section and the flow
application in flutter calculations can only be predicted by using structure near the wall was determined from oilflow pictures as
nonlinear flow equation codes. The MBB-A3 profile is used as well as from wall pressure and heat transfer measurements. Strong
theoretical model for the flutter investigations. Flutter calculations vortical flows were detected underneath the corner shock system.
are presented using the classical method in the frequency domain Starting from a 90 degree corner of unswept wedges, the heat
as well as a structural aerodynamic coupling procedure in the flux in the comer center can be reduced considerably by increasing
time domain. The unsteady aerodynamic coefficients which are the corner angle and by sweeping the leading-edges back.
used for these flutter investigations are calculated for several Author
M-numbers and incidences with the transonic small perturbation
(TSP) equation without and with qussiunsteady boundary layer
and with the time linearized TSP equation without and with steady
boundary layer and for comparison reasons with the Doublet Lattice N88-13226"# Texas Univ., Austin. Dept. of Aerospace
method. The boundary layer influences essentially the unsteady Engineering.
aerodynamic pressure distributions and coefficients. The flutter DRIVING MECHANISM OF UNSTEADY SEPARATION SHOCK
results obtained in the frequency and time domain differ less from MOTION IN HYPERSONIC INTERACTIVE FLOW
each other. Nevertheless the time marching flutter simulation takes D. S. DOLLING and J. C. NARLO. II In AGARD, Aerodynamics
the nonlinearity effects of the airloads dependent on the vibration of Hypersonic Lifting Vehicles 12 p (SEE N88-13219 05-02) Nov
amplitude essentially better into account than the classical flutter 1987 Sponsored in part by NASA, Washington, D.C. and ONR.
solution. Author Washington, D.C.

(Contract AF-AFOSR-01 12-86)
N88-13219# Advisory Group for Aerospace Research and (AGARD-CP-428) Avail: NTIS HC A24/MF Aol CSCL 01A
Development. Neuily-Sur-Seine (France). Fluid Dynamics Panel. Wall pressure fluctuations were measured under the steady
AERODYNAMICS OF HYPERSONIC LIFTING VEHICLES separation shock waves in Mach 5 turbulent interactions induced
Nov. 1987 560 p In ENGLISH and FRENCH Symposium by unswept ciru;ar cylinders on a flat plate. The wall temperature
held in Bristol, United Kingdom, 6-9 Apr. 1987 was adiabatic. A conditional sampling algorithm was developed to
(AGARD-CP-428; ISBN-92-835-0435-6; AD-A198665) Avail: examine the statistics of the shock wave motion. The same
NTIS HC A24/MF A01 algorithm was used to examine data taken in earlier studies in

The Symposium was conducted at the outset of a new era in the Princeton University Mach 3 blowdown tunnel. In these earlier
hypersonic aerodynamics. The Proceedings therefore present a studies, hemicylindrically blunted fins of different leading-edge
valuable stock taking of the status of the field after a comparative diameters were tested in boundary layers which developed on the
lull in the last decade. A particular gap exists in the field of tunnel floor and on a flat plate. A description of the algorithm, the
experimental facilities. At the same time, developments in reasons why it was developed and the sensitivity of the results to
computational fluid dynamics and experimental techniques provide the threshold settings, are discussed. The results from the
possibilities that did not exist 10 years before. The papers algorithm, together with cross correlations and power spectral
presented were grouped in the fields: experimental facilities; density estimates suggests that the shock motion is dnven by the
experimental techniques and results; computational techniques; low-frequency unsteadiness of the downstream separated, vortical
design methods; and projects. The most significant results of the flow. Author
symposium was a perspective of the need for special effort in the
near future. For individual titles, see N88-13220 through
N88-13252.

NS-13227# Cranfield Inst. of Tech., Bedford (England). CoIl.
N88-13224# Complere, Inc., Palo Alto, CA. of Aeronautics.
TURBULENCE MEASUREMENT IN HYPERSONIC FLOW THE EFFECTS OF SWEEP AND BLUNTNESS ON A
F. K. OWEN and W. CALARESE (Air Force Wright Aeronautical GLANCING SHOCK WAVE TURBULENT BOUNDARY
Labs.. Wright-Patterson AFB, Ohio.) In AGARD, Aerodynamics LAYER INTERACTION
of Hypersonic Lifting Vehicles 17 p (SEE N88-13219 05-02) Nov. N. R. FOMISON and J. L. STOLLERY In AGARD, Aerodynamics
1987 Sponsored in part by Hunting Engineering, Ltd., Ampthill, of Hypersonic Lifting Vehicles 18 p (SEE N88-13Z.19 05-02) Nov.
United Kingdom 1987 Sponsored in part by Hunting Engineering, Ltd.. Ampthill.
(AGARD-CP-428) Avail NTIS HC A24/MF A01 United Kingdom

An assessment was made of the potential for hot wire and (AGARD-CP-428) Avail: NTIS HC A24/MF A0l
laser anemometer measurements of turbulent fluctuations in An experimental investigation was conducted into the effects
hypersonic flow fields. The results of experiments conducted in of leading edge sweep and bluntness on the flow characteristics
the AFWAL M =6 High Reynolds Number Wind Tunnel are reported of a glancing shock wave turbulent boundary layer interaction
and comparisons made with previous hot wire turbulence generated by a fin-on-plate configuration. A series of sharp swept
measurements. Author fins (covering angles of sweep from 0 to 75 deg) and a series of

blunt unswept fins (ranging in leading edge diameter from 0 to
N88-13225# Technische Univ., Brunswick (Germany, F..). Inst. 25.4 mm) were tested at incidences of up to 30 deg at a Mach
fuer Stroemungsmechanik. number of 2.4 and a freestream Reynolds number of 2.600,000/m.
EXPERIMENTAL INVESTIGATIONS ON BLUNT BODIES AND Observations of the mean flow were made using oil flow
CORNER CONFIGURAI IONS IN HYPERSONIC FLOW visualization, static pressure measurements, schlieren photography,
DIETRICH HUMMEL In AGARD. Aerodynamics of Hypersonic and vapor screen visualization techniques. In addition, some limited
Lifting Vehicles 16 p (SEE N88-13219 05-02) Nov. t987 measurements of the unsteay static pressures beneath the
(Contract SCHL-5/82; HU-254/2) interaction were taken. Flow field models are proposed to include
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 the effects of sweep and bluntness and the governing parameters

Within the framework of some theses hypersonic flows were controlling the extent of the disturbed flow and the pressure levels
investigated theoretically as well as by experiments in the beneath the interaction are examined. Author
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NEB-13229# Royal Aircraft Establishment, Farn orough (England). capability of the system. Since their development, the programs
Aerodynamics Dept. were extensively verified and used to analyze a number of very
THE DRAG OF SLENDER AXISYMMETRIC CONES IN RAREFIED complex inlet configurations. Results are presented from
HYPERSONIC FLOW two-dimensional, quasi-three-dimensional, and thrae-dimenstonal
T. J. ttHYS-JONES In AGARD. Aerodynamics of Hypersonic analyses of the inlet flow field to illustrate the use of the

Lifting Vehicles 12 p (SEE N86-13219 05-02) Nov. 1!87 program. Author
(AGARD-CP-428) Avail: NTIS HC A24/MF A~t

An experimental study performed in the RAE Low Density
Tunnel to determine the aerodynamic characteristics of a range N88-13234*# National Aeronautics and Space Administration.
of slender axisymmetric bodies in rarefied hypersonic flow is Ames Research Center, Molten Field. CA.
described. The main purpose of this study was to assess the NUMERICAL SIMULATION OF THE HYPERSONIC FLOW
effects of cone angle, nose bluntness, and Reynolds number on AROUND LIFTING VEHICLES
the zero incidence drag of cones. In addition, some measurements YEHIA RIZF Sterling Federal Systems. Ic.. Palo Alto. Calif.).

of axial force, normal force, and pitching moment at incidence YENNY CHAUSei a l S e ms, In A aRf,

were made, The bodies tested at a nominal Mach number of o DENNY CHASSEE, and JOSEPH STEGER In AGARD,
and at flow conditions which correspond to those in the transitional Aerodynamics of ypersonic Lifting Vehicles At p 2SEE N88-13219

raretied flow regime. These data were compared with correlations (AGARD.CP-428) Avail: NTIS HC A24MF A01 CSCL OtA

developed to represent the chaone in drag coefficient in this flow A mthod of solving the Iscous hyperonic flow feld around

regime between continuum and fremolecular flow. Author realistic configurations is prasented. The numerical procedure for

N88-13230# Deutsche Forschungs- und Versuchsanstalt fuer generating the required finite differnce grid and the two-factored

Luft- nd Reumtahre, Goettingen Germany. FA. inst. for implicit flow solver are described. Results ae presented for the
Experieta Fnd umid , M ehanin Gshuttle orbiter and a generic wing-body configuration at hypersonicExpenimental Fluid Mechanics. Mhnuer.Author

LOW REYNOLDS NUMBER INFLUENCE ON AERODYNAMIC Mach numbers.

PERFORMANCE OF HYPERSONIC LIFTING VEHICLES
GEORG KOPPENWALLNER In AGARD, Aerodynamics of
Hypersonic Lifting Vehicles 14 p (SEE N88-13219 0"-02) Nov. N88-13235# Dornier-Wertke G.m.b.H.. Friedrichahafen (Germany,
1987 F.R.). Aerodynamics Dept.
(AGARD-CP-428) Avail: NTIS HC A24/MF AWl SOLUTION OF SOME 3-0 VISCOUS AND INVISCID

The aerodynamic performance of lifting reentry vehicles in the SUPERSONIC FLOW PROBLEMS BY FINITE-VOLUME
high Mach number (Ma is greater than tO1) and high altitude (H is SPACE-MARCHING SCHEMES
greater than 50 km) regime is analyzed. Due to the high flight H. RIEGER In AGARD, Aerodynamics of Hypersonic Liting
velocity of chemical reactions, the low density viscous and Vehicles 17 p (SEE N88-13219 05-02) Nov. 1987
rarefaction effects are of importance. Free tlrght data of the US. IAGARD-CP-428) Asal: NTIS HC A24/MF ADl
Shuttle and low density wind tunnel data of DFVLR are used. It is For prediction of steady supersonic flow fields two numerical
found that aerodynamic performance loss and a destabilizing methods for solution of the three-dimensional Euler and parabolized
pitching moment change can be explained by viscous-rarefaction Navier-Stokes (PNS) equations are considered. Both are based

effects. Author on a Finite-Volume discretzation (FVD) of the governing
conservation laws and becauise of the special properties of steady

NBS.t3232# Naval Weapons Center, China Lake, CA. Propulsion supersonic flows cost-effective space-marching integration
Research Branch. techniques can be applied. Both methods are described and results
COMBUSTION RELATED SHEAR-FLOW DYNAMICS IN for inviscid and viscous flows are presented. In view of the
ELLIPTIC SUPERSONIC JETS upcoming European space transportation activities the simulation
K. C. SCHADOW, E. GUTMARK, S. KOSHIGOE. and K. J. of hypersonic flows past complex blunted lirfir, veohtrS requires
WILSON #1 AGARD, Aerodynamics of Hypersonic trting Vehicles also efficient methorl' ftr .,tiu.ion of the full. not-reduced
13 p (SEE N88-f3219 05-02) Nov. 1987 Navicr-. tkes equations. These are needed to provide solutions
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 for supersonic and hypersonic flow fields with large subsonic

An elliptic jet having an aspect ratu ot 3:1 was studied and regions and also to get accurate initial conditions for the space
cnmpared to a circular jet at three Mach numbers: M 0.15, 1. marching codes developed. A relaxation procedure for the steady
arid 1.3. Hot-wire measurements and schiieren Photography were form of the not-reduced Navier-Stokes and the Euler equations is
employed. The superior miing characteristics of an elliptic jet described and some First results are presented. Author
relative to a circular jet, which were found in previous works in
subsonic jets, prevail in the sonic let and are further augmented
by the shock structures of the supersonic underexpanded jet. The
major and minor axes switch at a distance of 3 diameters from N1-13236# Office National d'Etudes at de Recherches

the nozzle, and the spreading rate of the minor axis side is twice Aerospatiales, Toulouse (France).
that of a subsonic let. The experinmental data are supported by HYPERSONIC LAMINAR BOUNDARY LAYER: PARAMETRIC
the results of the linear instability analyas Of the supersonic elliptic STUDY FOR THE REPRESENTATION OF REAL GAS EFFECTS

)et which show that the initial vortices are bending at the major ICOUCHE LIMITE LAMINAIRE HYPERSONIOUE ETUDE
axis side in a similar way to the process which occurs in a subsonic PARAMETRIGUE DE LA REPRESENTATION DES EFFETS DE

elliptic fet. Author GAZ REELI
B. AUPONi, C. ELDEM. and J. COUSTEIX In AGARD,

N8013233'# National Aeronautics and Space Administration. Aerodynamics of Hypersonic Lifting Vehcles 14 p (SEE N88-13219
Langley Research Center, Hampton, VA. 05-02) Nov. 1987 In FRENCH
NUMERICAL ANALYSIS OF FLOW THROUG1 SCRAMET (AGARD-CP-428) Avail: NTIS HC A241MF AG0
ENGINE INLETS A sensitivity study of the real gas model was performed in
AJAY KUMAR In AGARD, Aerodynamics of Hypersonic Lifting boundary layer computations on an hyperboloid equivalent to the
Vehicles It p (SEE N686-132f 9 05-02) Nov, 1987 Space Shuttle windward symmetry plane; for the STS 2 reentry.
(AGARD-CP-428] Avail: NTIS HC A24/MF A01 CSCL OA The real gas model is due to Straub and accounts for only five

A sm of computer programs was developed to analyze flow chemical species while assuming thermodynamic equilibrium. The
through supersonic combustion ramjet (cramjet) inlets. These study has brought into evidence the dependence of both wall
programs solve either the two or three dimensional heat flux and displacement thickness, not only upon the wall
EulerlNavier-Stokes equations in full conservation form by catalycity but also upon the selected reaction rates and the wall
MacCoramck's explicit or explicit-implicit method. An algebraic temperature. The skin friction coefficient is insensitive to the real
two-layer eddy viscosity model is used for turbulent flow gas model. Moreover. only a few chemical reactions can be

calculations. The programs are operational in Control Data selected and the diffusion model can be simplified to save
CYBER-200 series vector-processing computer system and, were computational time without drastic changes in the prediction.
optimized to take maximum advantage of the vector processing Author
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88-3237# Deutsche Forschungs- und Versuchsanstaf luer the spatial marching technique provides useful engineering
Luft- und Raumfahrt. Goettingen (Germany, F.R.). Inst. for predictions while requiring consideiably less computational time.
Theoretical Fluid Mechanics. Author
ON THE NUMERICAL SIMULATION OF THREE-DIMENSIONAL
HYPERSONIC FLOW NSS-13240# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
S. RIEDELBAUCH. W. WETZEL. W. KORDULLA, and H. OERTEL (Germany, FR.). Space Systems Group.
JR In AGARD, Aerodynamics of Hypersonic Lifting Vehicles 16 A 3-D EULER SOLUTION FOR HYPERSONIC MACH NUMBERS
p (SEE N88-13219 05-02) Nov. 1987 MICHAEL PFITZNER and CLAUS WEILAND In AGARD.
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 Aerodynamics of Hypersonic Lifting Vehicles 13 p (SEE N88-13219

The first steps towards the numerical simulation of hypersonic 05-02) Nov. 1987
flows is presented. Intentionally, the ideal-gas assumption is used (AGARD-LP-428) Avail: NTIS HC A24/MF A01
to validate the methods by comparing results with experimentally The development of reusable reentry vehicles and hypersonic
observed or theoretically obtained data in cold hypersonic flows missiles require the control of aerothermal problems. To that end
about simple geometries. The approaches cover the continuum it is necessary to develop aerothermal prediction methods and to
as well as the gas-kinetic flow regime. An implicit finite-difference change and extend existing methods, which were developed for
method with bow-shock fitting is employed to integrate the subsonic and supersonic flow problems. The integration of three
time-dependent Navier-Stokes equations, while the gas-kinetic flow dimensional unsteady and steady Euler equations in the regime
is simulated by approximations to Boltzmann's equation. The of hypersonic flow is discussed. Author
direct-simulation Monte Cado method is preferred to the
molecular-dynamics approach because of its larger computational N88-13241# Imperial Col. of Science and Technology, London
efficiency. Results are compared with experimental data for the (England). Dept. of Aeronautics.
laminar flow past a blunted cone at M = 10.6 and past a COMPUTATION OF FLOW PAST CONICAL HYPERSONIC
hemisphere at M = 4.15. The decay of Oseens vortex at Kn = WINGS USING A SECOND ORDER GODUNOV METHOD
0 1, and the gas-kinetic flow past a cylinder at M 5.48 with Kn R. HILLIER In AGARD, Aerodynamics of Hypersonic Lifting

0 1 and 0 3 were simulated, and results are shown in comparison Vehicles 15 p (SEE N88-13219 05-02) Nov 1987
with theoretical data. As an application to more realistic (AGARD-CP-428) Avail: NTIS HC A24/MF A01
configurations the three-dimensional laminar flow past the nose Computations of inviscid hypersonic flow past flat plate delta
of a typical spacecraft and the gas-kinetic flow in the symmetry wings during a second order Godunov-type scheme are presented.
plane of the flow past the same configuration is being discussed. The governing equations are written in an unsteady conical form
The next steps will include real-gas modelling. For hot hypersonic and then time marched to a final conical steady state. The core
flows experimental data are badly needed for comparison of the calculation is a generalized Riemann problem which is used
purpose Author to determine the flux transfers at the interfaces between

computational cells. Results are presented for wings with shock
N88-13238# Glasgow Univ. (Scotland). Dept. of Aeronautics waves both attached at and detached from the leading edges.
and Fluid Mechanics. The leeward surface flows support embedded shock waves and
NUMERICAL EXPERIMENTS WITH HYPERSONIC FLOWS separated vortex flows and the likely influence of real viscous
3ENZCATH A CONE-DELTA-WING COMBINATION effects on these is discussed. Author
N DIN and B. E. RICHARDS In AGARD, Aerodynamics of
Hypeisonic Lifting Vehicles 14 p (SEE N88-13219 05-02) Nov. N88-13242"# National Aeronautics and Space Administration
1987 Ames Research Center. Moffett Field. CA.
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 AEROTHERMODYNAMICS RESEARCH AT NASA AMES

Numencal experiments of hypersonic flows beneath a GEORGE S. DEIWERT In AGARD. Aerodynamics of Hypersonic
cone-delta-wing combination were carried out by solving the Lifting Vehicles 17 p (SEE N88-t3219 05-02) Nov. 1987
compressible Navier-Slokes equations using an assumption of local (AGARD-CP-428) Avail: NTIS HC A24/MF A01 CSCL 01A
conicity. An implicit method is combined with a multigrid scheme Research activity in the aerothermodynamics branch at NASA
in the solution procedure to achieve fast convergence to the steady Ames Research Center is reviewed. Advanced concepts and
state. Detailed flow field results provide further insight into the mission studies relating to the next generation aerospace
complex flow structures due to interaction between the cone shock transportation systems are summarized and directions for continued
and the wing shock and the interaction of the resulting flow with research identified. Theoretical and computational studies directed
the w,,ig or cone boundary layer. Flow field pictures reveal at determining flow fields and radiative and convective heating
phenomena of value in the design of hypersonic lifting vehicles, loads in real gases are described. Included are Navier-Stokes codes
such as the interference surface pressure and the high local wall for equilibrium and thermochemical nonequilibrium air. Experimental
heating. Compansons with experimental data and conical Euler studies in the 3.5 foot hypersonic wind tunnel, the ballistic ranges
solution are also made. Author and the electric arc driven shock tube are described. Tested

configurations included generic hypersonic aerospace plane
N8-13239# Cincinnati Univ., OH. Dept. of Aerospace configurations. aeroassisted orbital transfer vehicle shapes and
Engineering and Engineenng Mechanics Galileo probe models. Author
A SPATIAL MARCHING TECHNIQUE FOR THE INVISCID BLUNT
BODY PROBLEM NBS-13243# Messerschmitt-Boelkow-Blohm G.m.b.H., Hamburg
R. T. DAVIS and FREDERICK G. BLOTTNER (Sandia National (Germany. F.R.). Untemehmensbereich Transport- und
Labs., Albuquerque, N. Mex.) In AGARD. Aerodynamics of Verkehrsflugzeuge.
Hypersonic Lifting Vehicles it p (SEE N88-13219 05-02) Nov. VORTEX FORMATION OVER DELTA. DOUBLE-DELTA AND
1987 Previously announced as N87-20972 WAVE RIDER CONFIGURATIONS AT SUPERSONIC SPEEDS
(AGARD-CP-428) Avail: NTIS HC A241MF A01 UWE GANZER and JCACHIM SZODRUCH In AGARD.

A technique was developed for obtaining approximate solutions Aerodynamics of Hypersonic Lifting Vehicles 32 p (SEE N88-13219
of the inviscid, hypersonic flow on a blunt body with a spatial 05-02) Nov. 1987
marching scheme. The scheme introduces the Vigneron pressure (AGARD-CP-428) Avail: NTIS HC A24/MF A01
gradient approximation into the momentum equation in the direction The flow field of the thick delta wing at high subsonic and
along the body surface. The resulting governing equations are supersonic speeds was the subject of quite a variety of
hyperbolic. With a specified shock wave these equations are solved investigations at the Technical University of Berlin. The research
at the stagnation streamline with an iteration procedure and are work started as early as in the late 60's and is still going on
solved in the downstream direction with a marching scheme. The today. It was triggered off by the initiatives of the late Dietnch
complete Euler equations are solved with the numerical scheme Kuchemann-aiming at a hypersonic transport and it was taken as
when the flow is supersonic. A global interation procedure is a contribution to the Eurohyp activities. The wing configurations
required to obtain the shock wave location. The approximate results investigated were of simple shape: delta wings with straight leading
from the spatial marching technique are compared with the edges and triangular cross sections of different thicknesses The
complete solution of the Euler equations for flow over a sphere interest was focussed on the development of the leeside flow
The two results are shown to be in approximate agreement and with changes in angle of incidence and main stream Mach number
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In addition to that similar delta wings with curved leading edges NOB-13250# Royal Aircraft Establishment. Bedford (England).
and also with a jump in leading edge sweep were investigated, as THE RAE EXPERIMENTAL DATA-BASE FOR MISSILES AT HIGH
well as two types of wave riders. Besides some theoretical work MACH NUMBER AND ITS USE IN ASSESSING CFD METHODS
mainly wind tunnel tests were made applying available test J. HODGES and L. C WARD In AGARD, Aerodynamics of
techniques: surface pressure measurements, Pilot measurements Hypersonic Lifting Vehicles 14 p (SEE N88-13219 05-02) Nov.
in the flow wsualizalion by sch eren, vapor and oiltilm techniques. 1987
skin friction determination using oiltilm interferrogram and. finally, (AGARD-CP-428) Avail: NTIS HC A24/MF A01
laser velocimetry The experimental investigations were particularly Wind tunnel tests are being performed in order to measure
challenging, because of the small models of generally not more overall and panel forces and moments on cruciform body-control
than 6 cm span. This limitation arose from the small size of the and body-wing missile configurations at M = 2.5, 3.5, and 4.5.
transonic and supersonic wind tunnel. Author When completed, the test results will provide a wide ranging data

base suitable for inclusion into semi-empirical prediction methods
Additionally it can be used to help validate and assess the
computational fluid dynamics (CFD) methods that are available. A
detailed description of all the models and the wind tunnel test

conditions, and selected results are presented. Comparisons are
N8-13246# Southampton Univ. (England). Dept. of Aeronautics shown between the experimental data and results from a
and Astronautics. space-marching Euler code. An outline is given of the extension

HYPERSONIC STATIC AND DYNAMIC STABILITY OF of these comparisons to surface pressure. Author

AXISYMMETRIC SHAPES: A COMPARISON OF PREDICTION NBS-13251# Avions Marcel Dassault-Breguet Aviation.
METHODS AND EXPERIMENT Saint-Cloud (France).
R A. EAST and G. R HUTT In AGARD, Aerodynamics of GENERAL AERODYNAMIC-AEROTHERMODYNAMIC
Hypersonic Lifting Vehicles 15 p (SEE N88-13219 05-02) Nov. CONCEPTS FOR HERMES [CONCEPTS GENERAUX
1987 Sponsored in part by Ministry of Defence United Kingdom AERODYNAMIOUES-AEROTHERMIQUES D'HERMES]
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 P. PERRIER and PH. CAUPENNE In AGARD, Aerodynamics of

The stability of oscillatory motions of vehicles flying at Hypersonic Lifting Vehicles 7 p (SEE N88-13219 05-02) Nov
hypersonic Mach numbers is of considerable relevance to their 1987 In FRENCH
initial design. Methods are needed for quick and accurate (AGARD-CP-428) Avail: NTiS HC A24/MF A01
predictions of stability and control which ac applicable over a Overall aerodynamic and aerothermal design considerations for
wide range of body shapes, angles of attack, and flow conditions. the Hermes space vehicle are summarized and a general
without the need to resort to computationally time consuming methodology for the development of Hermes is outlined. Examples
numerical flow field calculation methods. Experimental data. of specific design objectves are given which address the problems
obtained over a range of angles of attack, concerning the static of longitudinal stability and vehicle aerodynamic heatng M G
and dynamic pitching stability of a wide range of both pointed
and blunted axisymmetric shapes including cones and blunted N88-13252# British Aerospace Public Ltd. Co.. Preston (England)
cylinder flares are presented. Although Newtonian theory gives HOTOL Study Team.
inadequate accuracy of prediction, inviscid embedded Newtonian HYPERSONIC AERODYNAMICS: APPLICATIONS FOR HOTOL
theory, which accounts for the reduced dynamic pressure and ALISON J. WAKE In AGARD, Aerodynamics of Hypersonic Lifting
lower flow velocity in the embedded flow downstream of the strong Vehicles 12 p (SEE N88-13219 05-02) Nov 1987
bow shock, is shown to provide surprisingly good agreement with (AGARD-CP-428) Avail: NTIS HC A24/MF A0l
the experimental data over a wide range of conditions. Compansons HOTOL has emerged from studies between BAe and
with experimental results show that the broad flow features and Rolls-Royce as a totally reusable airframe with a hybrid air-breathing
their effect on static and dynamic stability are well described in propulsion system, It is aimed at placing pay!oads into low Earth
regimes not containing flow structural change. However, in some orbit for 20 percent of the cost of the U.S Space Shuttle As part
cases discrepancies exist between the predictions and experi- of the current prool-of-concept study an assessment "- being made
mental observations and these were attributed to a variety of the aerodynamic characteristics of the vehicle inciuding those
of viscous flow phenomena involving boundary layer transition and in the hypersonic regime. This assessment will also identify areas
flow separation, including complex lee-surface vortical flows. of high risk and where current methods are deficient Some of

Author the results obtained, the areas so far identified as requiring further

work are detailed and a five year program is proposed to investigate
these areas. Author

N88-28860# Messerschmitt-Boelkow-Blohm G m b.H. Bremen
(Germany, F.R.). Civil Transport Aircraft Div

N88-13249# Bntish Aerospace Public Ltd. Co.. Bristol (England). DELTA WING CONFIGURATIONS
Aerodynamics Research Dept. J. SZODRUCH In AGARD. Boundary Layer Simulation and Control
EXPERIENCES USING THE MARK IV SUPERSONIC in Wind Tunnels p 30-49 (SEE N88-28857 23-01) Apr 1988
HYPERSONIC ARBITRARY BODY PROGRAM (AGARD-AR-224) Avail: NTIS HC A20/MF A0l
CARREN M. E. FISHER In AGARD, Aerodynamics of Hypersonic The flow field over a slender delta wing at angle of attack
Lifting Vehicles 18 p (SEE N88-13219 05-02) Nov. 1987 immersed in a supersonic stream can be divided into two
(AGARD-CP-428) Avail: NTIS HC A24/MF A01 characteristic regions. The windward or pressure side faces the

Work done during the last two years in an attempt to gain an oncoming flow and is strongly influenced by the bow shock wave;
understanding of. and to estabhsh a capability for the use of, the the leeward or suction side is dominated by the effects of
Douglas Supersonic/Hypersonic Arbitrary Body Program (S/HABP) inviscid/viscous interaction. It is mainly the leeward flow which is
is described. This program has a complex structure and offers a then affected by Reynolds number changes and especially these
large variety of aerodynamic prediction methods to solve many effects are discussed in more detail. In the past, for subsonic.
different types of problems. Most of the features of the program transonic, and supersonic free stream Mach numbers the essential
were used with success. Aspects of the flowlield routines and issue of design with slender wings, where vortices occur over the
viscous ophons. which could not be utilized correctly, are either wing at virtually every flight condition, is to fix the location of the
under investigation, or updates to the programming are awaited, separation lines so that the vehicle is always controllable. This is
Some accurate predictions were made using the inviscid pressure why Reynolds number effects in these flow regimes were
methods, which were evaluated for a wide range of configurations, considered of secondary importance. On the other hand at
for Mach numbers from 1.7 to 25.0 and from an incidence of -8 hypersonic speeds the influenr..e of Reynolds number on peak
to 40 deg. The code was seen to be highly flexible, but the heating as well as on the development and size of characteristic
accuracy of the results is user dependent. Relative to computational patterns in the flow field are more important. Here hypersonic
fluid dynamics codes. S/HABP geometries are easy to prepare viscous interaction is dominating, especially near the wing apex,
and the code is cheap to run. Author and the vortices induce high rates of heat transfer along the
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attachment line. The discussion is confined to free stream Mach N8-28893# Advisory Group for Aerospace Research and
numbers from high subsonic to supersonic. With respect to Development, Neuilty-Sur-Seine (France).
Reynolds number effects it is of major importance to define the AERODYNAMIC DATA ACCURACY AND QUALITY:
different types of vortical flow in that velocity range and to consider REQUIREMENTS AND CAPABILITIES IN WIND TUNNEL
the influence of wing geometry. Author TESTING

MARION L. LASTER (Arnold Engineenng Development Center,

N88-28869# Potter (J. Leith), Nashville, TN. Arnold Air Force Station, Tenn.) Jul. 1988 13 p Presented at

MISSILES, FUSELAGES AND SIMILAR BODIES the AGARD Fluid Dynamics Panel Symposium, Naples. Italy. 28

J. LEITH POTTER In AGARD. Boundary Layer Simulation and Sep. - 1 Oct. 1987

Control in Wind Tunnels p 191-208 (SEE N88-28857 23-01) Apr. (AGARD-AR-254; ISBN-92-835-0468-2; AD-A200522) Avail

1988 NTIS HC A03/MF A01

(AGARD-AR-224) Avail: NTIS HC A20/MF A01 This report presents a technical evaluation and assessment of

The flows about elongated bodies are discussed in the context the AGARD Fluid Dynamics Panel Symposium on Aerodynamic
of simultion and scaling. With that as a point of departure, the Data Accuracy and Quality; Requirements and Capabilities in Wind

present discussion is confined to the practice of tripping laminar Tunnel Testing, held in September 1987 in Naples italy. The major
boundary layers at locations on models selected with the goals of issues addressed were: what data accuracy is needed by users
boundalayert l ns onumoes Psled phenomena what accuracy is presently achieved: and what can be done to
simulating higher Reynolds numbers. Possible flow phenomenautinUsr av skdthtcuiedrgb
and the effects of Reynolds numbers are reviewed. It is suggested improve the situation Users have asked that cruise drag be
that many of the strategies developed mainly in testing airfoils measured to a precision of one drag count for transports and two

and wing models may also be appropriate when missile and for military fighters; it was shown that this is possible when

fuselage shapes are involved. B.G. reference methods can be itsed. However, one or two drag count
uncertainty is not state-of-the-art for the direct scaling concept
and improvement will require a thorough understanding of all these

NB8-28870# Deutsche Forschungs- und Versuchsanstalt fuer parameters which significantly contribute to wind tunnel uncertainty,
Luft- und Raumfahrt, Goettingen (Germany, F.R.). Inst. fuer including bias and precision. A reduction in total uncertainty appears
Expenmentelle Stroemungsmechanik, possible but a reduction to a level of one or two drag count also
INTRODUCTION AND CRITICAL FLOW PHENOMENA appears formidable. Author
E STANEWSKY In AGARD, Boundary Layer Simulation and
Control in Wind Tunnels p 211-216 (SEE N88-28857 23-01) Apr N88-29731# National Aeronautical Establishment. Ottawa
1988 (Ontano). Unsteady Aerodynamics Lab.
(AGARD-AR-224) Avail: NTIS HC A20/MF A01 AIRCRAFT DYNAMICS: AERODYNAMIC ASPECTS AND WIND

The present scope of work can be expressed as follows: review TUNNEL TECHNIQUES
the physics associated with the simulation of high Reynolds number K. J. ORLIK-RUECKEMANN In AGARD. The Flight of Flexible
flow and. in particular, determine viscous and outer inviscid flow Aircraft in Turbulence: State-of-the-Art in the Description and
parameters that dominate viscousinviscid interactior crucial to Modelling of Atmospheric Turbulence 14 p (SEE N88-29725
the simulation process; define needed research to improve the 24-01) Dec 1987 Previously announced as N88-13320
understanding of the flow physics associated with boundary layer fAGARD-R-734) Avail: NTIS HC A09/MF A01
simulation, including research needed to identify and account for The dynamic behavior of modern fighter aircraft depends more
wind tunnel environmental effects on the boundary layer simulation and more on unsteady aerodynamics. Until recently, the designer
and define experiments and/or computational fluid dynamics (CFD) concentrated on classical problems such as aeroefasticrty and
exercises needed to establish the sensitivity of relevant flow flutter Dynamic stability parameters were most often determined
phenomena or flow developments to viscous effects. Author by low angle of attack calculation methods, without much recourse

to experiment The results obtained from the few dynamic

N88-26871# Office National d'Etudes et de Recherches experiments performed were used to confirm the absence of
Aerospatiales. Toulouse (France). problems rather than as design parameters New requirements for
BOUNDARY LAYER DEVELOPMENT AND TRANSITION fighter aircraft performance include the ability to fly at high angles
ROGER MICHEL In AGARD. Boundary Layer Simulation and of attack in the presence of extensive regions of separated or
COntrol n Wind Tunnels p 217-249 (SEE N88-28857 23-01) Apr. vortical flows, relaxed static stability, greatly increased agility, and
1988 an interest in unorthodox geometnes such as c.sely coupled

IAGARD-AR-224) Avail: NTIS HC A20/MF A01 canard or tail first configurations. The time lags and unsteady

The principal critical flow phenomena were defined as being phenomena associated with flow fields resulting from rapid

very sensitive to modifications of the properties of the incoming maneuvers and large amplitude motions significantly affect the

boundary layer The problem is schematized by considenng the dynamic behavior of modern fighter aircraft and become as

transonic flow around some profile the two main critical flow important for aircraft design as the classical static performance

phenomena are the shock-boundary layer interaction region and criteria A review is made of the various aerodynamic aspects

the downstream separation and trailing.edge flow region The affecting aircraft dynamic behavior and some experimental

properties of the bout dary layer are analyzed through the three techniques. Author

classical aspects of a laminar boundary layer, boundary layer N88-29755# Advisory Group for Aerospace Research and
transition and, at last, a turbulent boundary layer The essential Development, Neuilly-Sur-Serne (France) Fluid Dynamics Panel
aspects of the phenomena and weighted factors are examined as SPECIAL COURSE ON MISSILE AERODYNAMICS
well as opportunities which exist in order to predict the initial Apr 1988 429 p Course held in Rhode-Saint-Genese. Belgium,
characteristics of the boundary as regards to the critical 30 Mar - 3 Apr. 1987. in Athens, Greece, 18-19 May 1987. and
phenomena. Author in Ankara, Turkey. 21-22 May 1987

(AGARD-R-754: ISBN-92-835-0452-6; AD-A1991721 Avail NTIS
N88-2874# Technische Hogeschool. Delft (Netherlands). Dept. HC A19/MF A01
of Aerospace Engineering. Topics addressed include a survey of aerodynamic problems
CLASSICAL SEPARATION, TRAILING-EDGE FLOWS AND encountered on existing and future missiles and of the most
BUFFETING important predictive methods the cnteria that define the required
J L VANINGEN In AGARD, Boundary Layer Simulation and prediction accuracy; nonlinear aerodynamic effects; engineering
Control in Wind Tunnels p 306-337 (SEE N88-28857 23-01) Apr computation methods used for calculating stability and control for
1988 conventional and unconventional missiles the roles of intake in
(AGARri-AR-224) Avail: NTIS HC A20/MF A01 the propulsion system of turbolet and ramjet powered missiles,

An overview of those aspects of classical separation, internal and external aerodynamic aspects of the induction system,
trailing-edge flows, and buffeting which are relevant to the computer aided design prediction of aerodynamic heating; base
simulation process is given. Viscous flow parameters which should flows with and without propulsion; and next generation supersonic
be simulated are defined and some recommendatins for further and hypersonic missiles. For individual titles, see N88-29756
research are given Author through N88-29766

14



02 AERODYNAMICS

N88-29756# McDonnell-Douglas Astronautics Co.. Saint Louis, N88-29759# Naval Surface Weapons Center, Silver Spring, MD
MO SPACE MARCHING EULER SOLVERS
ACCURACY CRITERIA FOR EVALUATING SUPERSONIC ANDREW B. WARDLAW. JR In AGARD, Special Course on
AEROOYNAMIC COEFFICIENT PREDICTIONS Missile Aerodynamics 32 p (SEE N8B-29755 24-02) Apr. 1988
E WILLIAMS and R. J. KRIEGER In AGARD, Special Course (AGARD-R-754) Avail: NTIS HC A19/MF A01

on Missile Aerodynamics 18 p (SEE N88-29755 24-02) Apr. Space marching Euler solvers for tactical missiles are examined
1988 Sponsored in part by Department of the Air Force, These solvers are applicable to missiles in supersonic flight
Washington, D.C. provided thr. the flow field remains supersonic everywhere. The
(AGARD-R-754) Avail. NTIS HC A19/MF AOt introductory section outlines progress to date and is followed by

Aerodynamic prediction methods are traditionally compared with a discussion of numerical methods which were used to compute
wind tunnel test data. However, the assessment of accuracy is the flow about tactical missiles. Four different codes are described
left to an arbitrary interpretaton. An accuracy criteria was developed which are available for treating missile body shapes. Results from
that defines the required prediction accuracy in terms of allowable these computational methods are presented for body-alone.
errors in missile performance and design parameters. Equations body-wing and body-wing-tail cases. Force coefficients surface
were selected that relate these parameters to the aerodynamic pressures. and flow field predictions are compared to experiment
drag. stability, and control coefficients. These equations ara Reasonable agreement is obtained, illustrating the feasibility of
differentiated with respect to the aerodynamic coefficients and using these methods in the design process. The limitation of the
simplified when possible Allowable errors in the performance or Euler equations are also discussed. Author
design parameters are estimated, based on preliminary design
requirements, and the required aerodynamic coefficient accuracy N88-29760# MATRA Service Aerodynamque, Velizy-Villacoublay
calculated The results allow a quantitative evaluation of prediction (France).
accuracy Author NUMERICAL METHODS: EULER TIME DEPENDENT SOLVER

J. J CHATTOT In AGARD. Special Course on Missile
Aerodynamics 28 p (SEE N88-29755 24-02) Apr. 1988

Nw-2975# Nielsen Engsil eenng and Research. Inc.. Mountain (AGARD-R-754) Avail: NTIS HC A19/MF A01
View. CA Missie and Store Separation Aerodynamics The EULER time dependent solver of MATRA is described

MARNIX F E DILLENIUS and STANLEY C PERKINS. JR. In and the fundamental problem of separated flow simulation with
an inviscid model is addressed, in particular separation on a smooth

AGARD. Special Course on Missie Aerodynamics 101 p (SEE surface. Applications pertinent to missile aerodynamics, ranging

(AGARD-R-754 Avail NTIS HC At9/MF A01 from simple configurations to complete missile flow simulations,

A survey of expenmontal observations and intermediate level ate examined Author
prediction methods aimed at nonlinear aerodynamic charactenstics N88-29761# Dornier-Werke G m.b.H,. Friedrichshafen (Germany,
of tactical missiles is described A description is gven of the major F.R)
differences between missile and aircraft flight and configuration PREDICTION OF DYNAMIC DERIVATIVES
characteristics The importance of vortical interference and HEINZ FUCHS and ROLF KAPP In AGARD. Special Course or
nonlinear compressibility due to shocks is stressed Nonlineantes Missile Aerodynamics 41 p (SEE N88-29755 24-02) Apr 1988
associated with deformable fin design, supersonic fin on body (AGARD-R-754) Avail NTIS HC A19/MF A0
interference, wraparound finds. and unsteady flight are discussed The dynamic deevatives are introduced by their mathematical
Summanzed accounts are provided for the effects of asymmetrc definition derived from the general expansion of aerodynamic
body vortex shedding and vortex bursting on overall missile functions with respect to the relevant independent fluid motion
aerodynamic charactenstics Physical examples are given that show variables The common classification of the dynamic derivatives is
vortex structures and shock formations in vapor screen and evaluated in accordance with the definitions used at flight
schlieren pictures In many instances, the nonlinear aerodynamic mechanical applications This is shown with the examples of
effects are illustrated by theoretical results obtained with and nonstatlonary motion types creating dynamic derivative effects
without the relevant nonlineanty Short descriptions are given of Some basic aspects of a semiempirical method for the calculation
intermediate level panel-based missile aerodynamic predichon of dynamic derivatives of missile configurations or islitary aircraft
methods with special attention to the models incorporated to are shown. Results of the computer program DYNAM are presented
account for vortical and nonlinear compressibility effects The in comparison with expenmental results of different test rigs For
descriptions include applications to additive force analysis for higher angles of attack the linear theory for the calculation of the
supersonic inlets and to deformable fins Additional comparisons derivatives with respect to q is extended by a crosb-tlow assumption
with experimental data are provided and the nonlinear effects using the cross-flow drag coefficient In addition Ic the
pointed out Presently available methods and future needs are semiemprical prediction method of total missile or aircraft
summarized in the concluding remarks Author configurations there are nonstatonary panel methods which are

useful for the determination of dynamic derivativa of harmonc
N88-29758# PRC Kentron. Inc. Hampton. VA oscillating wings or wing-rudder systems. An overview of the
SEMI-EMPIRICAL METHODS FOR CONVENTIONAL AND different dynamic test rigs is given which are in use at tt.e different
UNCONVENTIONAL MISSILES aerodynamic test laboratories of FR Germany Test results of a
MICHAEL J HEMSCH In AGARD. Special Course on Missile Dormer standard missile configuration are discussed An outlook
Aerodynamics 21 p (SEE N88-29755 2

4
-02) Apr t988 on future activities on the evaluation methods of the dynamic test

(AGARD.R.754) Avail NTIS HC A19/MF A01 rigs at the high angle-of-attack region is given Author
in the development and use of semi-empirical methods for

prediction of the aerodynamic characteristics of modern missiles. N1-29762# British Aerospace Public Ltd Co, Bristol (England)
one fact is exploded more than any other the slenderness of the Naval and Electronic Systems Div
airframes and of the flows surrounding them The first mathematical AIR INTAKE AERODYNAMICS
attempts to use this face were made Over thirty years ago and C S JELL in AGARD, Special Course on Missile Aerodynamics
resulted in classical slender-body theory and the universally-known 62 p (SEE N88.29755 24-02) Apr Is88
Pitts. Nielsen, and Kaelan method for con.-entional missiles It is (AGARD-R-754) Avail NTIS HC Atg/MF A01
shown that invoking slenderness for a missile in supersonic high The effective operation of airbreathing missiles is strongly
angle-of-attack flow yields similanty forms which correlate data for dependent on the efficiency of the air intake system and its ability
affine bodies and wings in a particularly useful way The equivalent to supply the engine with air of adequate quality at all required
angle-of-attark concept which is rooted in classical slender body flight conditions while minimizing any undesirable effects that the
theory is also " "sented together with extensions required for flows intakes may have on the overall aerodynamic charactenstics of
with high crossilow Mach number, one of the similanty variables the missile The role of the intake in the propulsion system of
Finally, it is shown that the classical two-term fits to normal-force turbojet and ramjet powered missiles is descnbed and both the
and center-of-pressure-location data for isolated wings and bodies internal and external aerodynamic aspect of the induction system
are interior to one-term power-law fits to the data in sinstanty are addressed The features of vanous types of ae intake commonly
form Author used for subsonic and supersonic operabon are discussed The
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causes and effects of flow instability and flow non-uniformity at These methods belong essentially to the following categories. In

engine entry are considered and the operaional relationship the Inviscid/Viscous Interactive approach, the outer inviscid flow

between the engine and the intake is shown. Finally three major and the viscous regions are computed together and made
aspects of intake installation are discussed: namely the influence compatible along a common boundary. In the Multi-Component

of the missile body flowlields on internal performance; the forces approach, the flowfield is decomposed into a limited number of

and moments generated by the internal flow; and the effect of regions which are treated by approximate methods and then

the intakes and their associated tainngs on the overall aerodynamic patched together. This approach has led to the developmer' of a
charactenstics of the missile. Author large variety of practical methods which are still routinely used in

industry. The last approach consists in solving the time averaged

NBS-29763# McDonnell-Douglas Astronautics Co., Saint Louis, Navier-Stokes equations. Base-flows in the let-off and let-on

MO. sitiations are now computed by solving the full Navier-Stoes

SEMIEMPIRICAL METHODS FOR AIRBREATHING MISSILES equations or the thin layer approximation of these equations.
J E. WILLIAMS and R. J. KRIEGER In AGARD. Special C)urse Although still costly in computer time and not always in good

on Missile Aerodynamics 12 p (SEE N88-29755 24-02) Apr. agreement with experiments because of the difficulty of modeling

1988 turbulence in such complex flows, the Navier-Stokes approach is

(AGARD-R754) Avail NTIS HC Atg/MF AOI particularly promising. It appears also as the most straightforward
A computer-aided design procedure is described for use in way to extend prediction capability to three-dimensional flows.

conceptual design for sizing and shaping supersonic noncircular Author

missiles with turbojet or ramjet propulsion systems. The theoretical
bass for the method which uses a sensitivity derivative approach
is developed. Avionics. structures, payload, inlet, engine, fuel,
aerodynamic and performance models are described. Inlet/engine
sizing, external moldline shaping and interactive graphics design N88-29766# McDonnell-Douglas Astronautics Co Sv i ouis.
processes are presented. The synthesis procedure overcomes MO.
many of the major drawbacks of airbreathing missile synthesis. It NEXT GENERATION MISSILE DESIGN
has features such as: simple initial geometry setup for body, tails J. E. WILLIAMS and R. J. KRIEGER In AG ARD, Special Course
and inlets: modeling Of completely arbitrary missile shapes; on Missile Aerodynamics 12 p (SEE N88-29755 24-02) Apr
noncircula, subsystem packaging; noncircular and multiple inlet 1988
modeling; aerodynamic and performance shaping; low cost, short (AGARD-R-754) Avail: NTIS HC A19/MF A01
duration computer sessions; rapic convergence; and accurate Traditional long range cruise class missiles fly at low altitudes
aerodynamic predictions. Two example configuration shapings are and subsonic speed. To meet operational requirements, the next
provided to depict the sizing process. Author generation missiles will fly at relative high altitudes and supersonic

N88-29784# Dorner-Werke Gmb.H., Fdednchshafen (Germany, or hypersonic speeds. Because of economic constraints, low cost
F Dr k mdesign and development approaches must be used. To illustrate

FR) HEATING OF MISSILES these approaches, the results of the U.S. Air Force sponsored
ROLF KAPP. H MATHAUER, and H RIEGER In AGARD Special Aerodynamic Configured Missile (ACM) Program and the

subsequent Low Cost Aerodynamic Configured Missile
Course on Missile Aerodynamics 19 p (SEE N88-29755 24-02) Demonstrator Program are summanzed with emphasis on the
Apr 1988 impact of these studies on future missile concepts. The ACM

AGARD-R-7ti4) Avail; NTtSNC A1/MF AOl program objective was to exploit the aerodynamic potential of
The results of investigations of the aerodynamic heatings of supersonic cruise and maneuvering missiles to achieve significant

missiles are presented. First the applied basic semiempirical improvements in performance. During three phases of effort oner

methods to determine the flow fheld about the isolated components a 30 month period, configuration development, wind tunnel testing.

of missiles are described and some possibilities to calculate the and performance analyses were performed. The maior uses on

heat flux in the boundary layer are specified for different pointed the program results to date are described. A iw cost approach s

or blunted body noses, such as conical. ogival, and hemispherical described which uses existing equipment, standard airframe
noses. The methods are valid for laminar and turbulent flow structural design, the existing ACM data base, trajectory shaping,

properties and in the transition region between laminar and and aggressive program plaing. Two flight test options are then
turbulent. The calculated heat transfer factors or Stanton numbers identified. Program plans costs, and subset experimental programs
are compared with experimental results. The agreement between are identified including growth versions with higher Mach number
theoretical and measured values is good. A theoretical method capability. Author
for the calculation of the flow field around missile configurations
is presented. This method is based on the parabolization of the
compressible, stationary Navier-Stokes equations (PNS-eq) and
limited to supersonic Mach numbers. The quality of the results is
dernonstrated by comparison to corresponding tests results of other
authors. Finally, a computabonal method is described to calculate N89-10006# Advisory Group for Aerospace Research and
the local time-dependent temperatures at the surface or inside Development. NeuillySur-Seine (France). Propulsion ind
the body. The configuration is divided into a number of volume Energetics Panel.
elements, thus permitting numencal solution of the time varying AGARD MANUAL ON AEROELASTICITY IN AXIAL-FLOW
equation of heat transfer. The resulting temperatures for some TURBOMACHINES. VOLUME 2: STRUCTURAL DYNAMICS AND
special configurations are plotted and when possible compared AEROELASTICITY
with experimental results, Author MAX F PLATZER. ed and FRANKLIN 0 CARTA. ed. (United

Technologies Research Center. East Hartford. Conn.) Jun. 1988
NMM-29765N Office National d'Etudes et de Recherches 266 p
Aerospatialee. Pans (France). (AGARD-AG-298-VOL-2; ISBN-92-835-0467-4; AD-A199697)
PREDICTION OF BASE-FLOWS Avail: NTIS HC A12/MF A01
J DELERY and R. G. LACAU (Societe Nationale Industnelle An overview of structural dynamics characteristics and analysis
Aerospatiale. Pans, France ) In AGARD. Special Course on methods applicable to single blades and bladed assemblies is
Missile Ac'odynamics 72 p (SEE N88-29755 24-02) Apr. 1988 presented. The blade fatigue problem and its assessment methods,
(AGARD-R-754) Avail NTIS HC AI9/MF A0l and life-time predictions are considered. Aeroelastic topics covered

The base region of a missile or a launcher is the seat of include: the problem of blade-disc shroud aeroelastic coupling.
comolex phenomena which can have important repercussions on formulations and solutions for tuned and mistuned rotors, and
vehicle performance The fields they concern are many: afferbody instrumentation on test procedures to perform a fan flutter test
drag. heat transfer, and interaction between external steam and The effect of stagnation temperature and pressure on flutter is
the base Thus prediction of these phenomena is of great practical demonstrated and currentl, available forced vibration and flutter
interest for missile design The basic prnciples underlying most of design methodology is reviewed. For indiidua titles, see
the methods currently used to compute base-flows are examined. N89-10007 through N89-100!6,
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N89-16760# Advisory Group for Aerospace Research and N89-16850# Boeing Vertol Co.. Philadelphia. PA. Advanced
Qevelopment. Neuilly-Sur-Serne (France). Fluid Dynamics Panel. Aircraft Aerodynamics
REYNOLDS NUMBER EFFECTS IN TRANSONIC FLOW ANALYTICAL AND EXPERIMENTAL METHODS USED TO
A ELSENAAR, T W. BINION. JR. E STANEWSKY, and H. C. RESOLVE THE AERODYNAMIC RESULTS OF TESTS
HORNUNG, ed (California Inst of Tech., Pasadena.) Mar 1989 CONDUCTED IN THREE TEST FACILITIES
92 p ROSS D. CLARK and H. J. ROSENSTEIN In AGARD,
(AGARD-AG-303) Avail. NTIS HC A05/MF A01 Aerodynamic Data Accuracy and Quality: Requirements and

Reynolds number effects in transonic flow are critically reviewed. Capabilities in Wind Tunnel Testing 15 p (SEE N89-16846 09-09)
A discussion is presented of the viscOuS effects observed on Jul. 1988
realistic configurations. The following geometries are considered: (AGARD-CP-429) Avail: NTIS HC A22/MF A01
Airfoils and high aspect ratio wings typical of transport aircraft. The V-22 aerodynamic drag and stability data base developed
lighter-type low aspect ratio delta wings, two- and three-dimensional through extensive wind tunnel testing is examined. Early drag and
bodies characteristic of missiles and combat aircraft fuselages, stability aerodynamic testing showed differences in characteristics
and afterbodies Pseudo-Reynolds number effects are identified when comparing results from different tests facilities. A jint
which may anse, for instance due to the influence of the Reynolds Bell-Boeing/Navy plan involving a thorough understanding/
number on the wind tunnel environment and in turn affect the refinement of test techniques, facility calibrations and applica.
flow about a model As an introduction, a brief retrospect of the lion of computational methods resolved these issues and per-
history of Reynolds number effect is presented. Author mitted validation of the data base. Author

N89-16847*# Army Aviation Systems Command, Moffeft Field.
CA N89-16858# Office National dEtudes et de Recherches

A CRITICAL ASSESSMENT OF WIND TUNNEL RESULTS FOR Aerospatiales, Modane (France)

THE NACA 0012 AIRFOIL PRECISION IMPROVEMENT OF TRANSPORT AIRCRAFT DRAG

W J MCCROSKEY In AGARD, Aerodynamic Data Accuracy MEASUREMENTS (AMELIORATION DE LA PRECISION DE LA

and Quality: Requirements and Capabilities in Wind Tunnel Testing MESURE DE LA TRAINEE D'UN AVION DE TRANSPORT

21 p (SEE N89-16846 09-09) Jul 1988 Previously announced C. ARMAND and C. PUJOL (Societe Nationale Industnelle

as N88-11636 Aerospatiale. Toulouse, France ) In AGARD. Aerodynamic Data

(AGARD-CP-429) Avail NTIS HC A22/MF A01 CSCL 01A Accuracy and Quality: Requirements and Capabilities in Wind
A large body of expenmental results, obtained in more than Tunnel Testing 14 p (SEE N89-16846 09-09) Jul 1988 In FRENCH

40 wind tunnels on a single, well known two-dimensional Previously announced in IAA as A88-22597

configuration, was critically examined and correlated, An (AGARD-CP-429) Avail: NTIS HC A22/MF A01
assessment of some of the possible sources of error was made Methods used in the ONERA S1MA and S2MA wind tunnels
for each facility, and data which are suspect were identified, It for attaining the desired absolute precision of 0 0002 in drag
was found that no single experiment provided a complete set of measurements of Airbus type transport aircraft are discussed
reliable data, although an investigation stands out as superior in Factors considered include the quality of the balances, the precision
many respects However, from the aggregate of data the of the incidence measurements, and the effects of friction and
representative properties of the NACA 0012 airfoil can be identified extreme temperatures. It is also noted that in order to obtain
with reasonable confidence over wide range o Mach numbers, accurate drag measurements the airfoil geometry and the pressure
Reynolds number, and angles of attack This synthesized distribution on the airfoil must be known to a high degree of
information can now be used to assess and validate existing and precision The results are corrected for the pressure fields ,n the
future wind tunnel results and to evaluate advanced Computational test section and tor the effects of the wall and the sting E R
Flud Dynam-s codes Author

N89-16849# Office National d*Etudes et de Recherches N89-16866# National Aerospace Lab. Amsterdam
Aeronautiques. Paris (France). (Netherlands)
COMPARISON OF THE RESULTS OF TESTS ON A300 ON REYNOLDS NUMBER EFFECTS AND SIMULATION
AIRCRAFT IN THE RAE 5 METRE AND THE ONERA F1 WIND A ELSENAAR In AGARD, Aerodynamic Data Accuracy and
TUNNELS Quality: Requirements and Capabilities in Wind Tunnel Testing 22
C QUEMARD and P 8 EARNSHAW (Royal Aircraft Establishment, p (SEE N89-16846 09-09) Jul 1988
Farnborough. England I Ir AGARD. Aerodynamic Data Accuracy (AGARD-CP-429 Avail NTIS HC A22/MF A0l
and Quality Requirements and Capabilities in Wind Tunnel Testing The change in flow development with Reynolds number,
16 p (SEE N89.16846 09-09) Jul 1988 commonly referred to as the Reynolds number effect. has both

(A5ARD-CP-429) Avail: NTIS HC A22/MF A01 attracted and annoyed the aerodynamic community A misludgment
Studies of the A300 Airbus were carried out in the pressurized of the magnitude of the Reynolds number effect may lead to an

low speed wind tunnel at RAE and ONERA Iniltially comparison over- or underestimation of flight performance resulting in economic
of the results from the same model mounted on an identical three loss In the worst case a costly redesign is required during the
strut support, showed discrepancies which in thu case of lilt period of flight testing The questior of Reynolds number effects
coefficient amounted to about 2.5 pct, A systematic comparison is crucial because of its very fundamental nature a thorough
was made of the measurement techniques together with the understanding of viscous flow phenomena and their interactlions
methods used in the reduction of the resulting data The production with the inviscid flow field is required to explain the Reynolds
of uncorrected aerodynamic coefficients 1oq.,f eh, -ment number effects. As long as routine wind tunnel te'tnq at the
of loads by means of underfloor balances and of the reference actual flight Reynolds number is not possible, other ways must be
pressure Checks were carried Out on the balance calibrations found to close the experimental Reynolds number gap Basically.

confirming their accuracy after which an attempt was made in Reynolds number effects originate from a Reynolds number
both facilities to assess and refine the accuracy of the reference dependency of a viscous shear layer close to the body surface
pressure measurement As a result, corrections were applied to and its interaction with the outer iiviscid flow field If the boundary
the measurements made in both wind tunnels which reduced but layer can be manipulated in the wind tunnel such tftA its
did not eliminate the differences between the two sets of results, development at flight Reynolds number is closely appro',mated.
The data reduction relies on corrections to be applied for tunnel the inviscid flow senses the proper boundary condition and the
wall interference as well as that from the strut support system, overall flow development will then be very similar The fundamental

Author aspects of the Reynolds number effects are reviewed Author
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N9-16868# Naples Univ. (Italy). Inst. of Aerodynamics 'Umberto on the strong depencence of the heat transfer coefficient upon
Nobile'. the flow ield condition at the airfoil surface. This noninvasive
EXPERIMENTS ON BOUNDARY LAYER TRANSITION TRIPPING technique has proved to be very appropriate when studying the
AT LOW REYNOLDS NUMBERS boundary layer behavior at very low Reynolds numbers in
GIUSEPPE P. RUSSO In AGARD, Aerodynamic Data Accuracy incompressible flow because at these conditions the boundary
and Qualiy Requirements and Capabilities in Wind Tunnel Testing layer is very unstable and cannot tolerate any disturbance induced
13 p (SEE N89-16846 09-09) Jul. 1988 by intrusive techniques. The experimental diagnostic equipment
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 consists of a thermograph (AGA 680), and A/D conversion unit

A systematical experimental investigation was undertaken with (AVIORRADIO DIGIMEN, and a microcomputer (APPLE lIe). The
the aim of obtaining sound results on the effectiveness of distributed tests were performed on an elliptic cylinder, on a WORTMANN
roughnesses in tripping transition on a flat plate at low Reynolds FX-63-t37 and on a Miley M06-t3-128 airfoil. The euperimental
numbers. A 2.5 mm band of double stick scotch tape dusted with results compare favorably with those obtained by othr authors
sparse carborundum grains was used as a tripping element at that ultilized conventional techniques. Author
various speeds, ranging from 11 to 17 m/s. Transition location
was detected by streamwise traversing, at a fixed height from the N8-18614# Royal Aircraft Establishment, Bedford (England).
flat plate, both a Pilot tube and a hot-wire probe; also relevant WIND TUNNEL EXPERIMENTS ON AEROFOIL MODELS FOR
velocity profiles in the boundary layer were measured. When THE ASSESSMENT OF COMPUTATIONAL FLOW METHODS
needed surface flow visualization was used to confirm the transition P. R. ASHILL, D. J. WEEKS, and J. L. FULKER In AGARD,
position. A good correlation was :ound, in terms of the critical Validation of Computational Fluid Dynamics. Volume I: Symposium
roughness Reynolds number needed to fix transition at the Papers and Round Table Discussion 14 p (SEE N89-18610
roughness, with the results found in the open literature. Author 11-34) Dec. 1988

(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
N89-16869# Office National d'Etudes et de Recherches Wind tunnel experiments on two airfoil models (unswept and a
Aeronautiques, Paris (France). 25 deg sweep) at high subsonic speeds and for Reynolds numbers
SOME DIFFICULTIES IN THE WIND TUNNEL PREDICTION OF up to about 20 x 1,000,000 are described. Both models had
MODERN CIVIL AIRCRAFT BUFFETING: PROPOSED detachable trailing edges for studying flows with differing rear
REMEDIES pressure distributions and used a method for fixing transition, which
R. DESTUYNDER, V. SCHMITT, J. BERGER, and R. BARREAU gave precise control of the disturbance to the boundary layer.
(Societe Nationale Industrielle Aerospatiale, Toulouse, France ) Following a discussion of the measurement and correction
In AGARD, Aerodynamic Data Accuracy and Quality: Requirements procedures, comparisons are presented between the data and
and Capabilities in Wind Tunnel Testing 14 p (SEE N89-16846 CFD methods: these comparisons reveal the importance for the
09-09) Jul. 1988 In FRENCH; ENGLISH summary accurate prediction of the flow over advanced airfoils of including
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 effects in the modeling of the shear layers which become significant

The prediction of transport aircraft buffet response still remains as separation is approached. Author
a challenge despite recent progress in understanding of the
phenomenon. The prediction is up to now inaccessible to a purely N89-186165# National Aeronautics and Space Administration.
theoretical approach and so is mwinly based on wind tunnel Langle', Research Center, Hampton, VA.
investigations. After a review of experimental methods currently PARAMETRIC STUDY OF GRID SIZE, TIME STEP AND
used to determine model buffeting and a short description of full TURBULENCE MODELING ON NAVIER-STOKES
scale application techniques, the simulation problems that appear COMPUTATIONS OVER AIRFOILS
are presented. The next point deals with a number of improvements CHRISTOPHER L. RUMSEY and W. KYLE ANDERSON In
concerning models and experimental methodology with the final AGARD, Validation of Computational Fluid Dynamics. Volume 1:
objective to provide more reliable buffeting predictions on large Symposium Papers and Round Table Discussion 19 p (SEE
transport aircraffs. Author N89-18610 11-34) Dec. 1988

(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A0l CSCL
N89-16875# MATRA Service Aerodynamique, Velizy-Vilacoublay 01A
(France). An upwind-biased implicit approximate factonrzation algorithm
ACCURACY OF LIFT AND CENTER-OF-THRUST is applied to several steady and unsteady turbulent flows. The
MEASUREMENTS AT MISSILE CONTROL SURFACES thin layer form of the compressible Navier-Stokes equation is used.
J. PERINELLE and M. RIBADEAU DUMAS In AGARD, Both the flux vector splitting and flux difference splitting methods
Aerodynamic Data Accuracy and Quality: Requirements and are used to determine fluxes, and the results are compared. Flux
Capabilities in Wind Tunnel Testing 17 p (SEE N89-16846 09-09) difference splitting predicts results more accurately than flux vector
Jul. 1988 In FRENCH: ENGLISH summary splitting on a given mesh size, but, in its present implementation.
(AGARD-CP-429) Avail: NTIS HC A22/MF AWt is more severely limited by the maximum CFL number for unsteady

During the study of aerodynamically piloted missiles it is time accurate flows. Physical aspects of the computations are
necessary to estimate the forces and moments applied to the also examined. An equilibrium turbulent boundary layer model
control surfaces. These qualities are difficult to evaluate by computes generally better steady and unsteady results than a
numerical methods and the study is performed in the wind tunnel nonequilibrium model when there is little to no boundary layer
experimentally. After a first evaluation of an optimal position of separation. Conversely, when a significant region of separation
the axis of rotation and of the planform, the efforts, and moments exists, the nonequilibrium model performs in better agreement with
are measured in the whole flight envelope. An accurate knowledge experiment. Author
of the moments about the axis (hinge moment) is required for
guidance and control studies. The influence of various experimental N89-18616 # National Aeronautics and Space Administration.
parameters on the accuracy of such measurements is assessed. Ames Research Center, Moffett Field, CA.

Author ON THE VALIDATION OF A CODE AND A TURBULENCE
MODEL APPROPRIATE TO CIRCULAR CONTROL AIRFOILS

N$9-16876# Naples Univ. (Italy). Inst. of Aerodynamics 'Umberto J. R. VIEGAS, M. W. RUBESIN, and R. W. MACCORMACK
Nobile' (Stanford Univ., CA.) In AGARD, Validation of Computational
COMPUTERIZED THERMOGRAPHIC TECHNIQUE FOR THE Fluid Dynamics. Volume 1: Symposium Papers and Round Table
DETECTION OF BOUNDARY LAYER SEPARATION Discussion 22 p (SEE N89-t86t0 11-34) Dec. 1988 Previously
R MONTI and G. ZUPPARDI In AGARD, Aerodynamic Data announced as N88-22864
Accuracy and Quality: Requirements and Capabilities in Wind (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 CSCL
Tunnel Testing 15 p (SEE N89.16846 0909) Jul. 1988 01A
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 A computer code for calculating flow about a circulation control

The computerized unsteady thermographic methodology was airfoil within a wind tunnel test section was developed. This code
used as a noninvasive technique to analyze the boundary layer is being validated for eventual use as an aid to design such airfoils.
development and to defect the transition lines and the separation The concept of code validation being used is explained. The initial
regions or airfoil surfaces in the wind tunnel. The method is based stages of the process were accomplished. the present code was
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applied to a low subsonic. 2-D flow about a circulation control N89-18629# Fokker B.V., Schipol-Oost (Netherlands).
airfoil for which extensive data exist. Two basic turbulence models Aerodynamics and Aeroelasticity Dept.
and variants thereof were successfully introduced into the algorithm, CFO APPLICATIONS IN DESIGN AND ANALYSIS OF THE
the Baldwin-Lomax algebraic and the Jones-Launder two equation FOKKER 50 AND FOKKER 100
models of turbulence. The variants include adding a history of the N. VOOGT. W. J. A. MOL, J. STOUT, and D. F. VOLKERS In
jet development for the algebraic model and adding streamwise AGARD. Validation of Computational Fluid Dynamics. Volume 1:
curvature effects for both models. Numerical difficulties and Symposium Papers and Round Table Discussion 11 p (SEE
difficulties in the validation process are discussed. Turbulence N89-18610 11-34) Dec. 1988
model and code improvements to proceed with the validation (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
process are also discussed. Author Aerodynamic computational codes were used and validated

extensively during the aerodynamic development phases of the
Fokker 50 and 100 aircraft projects. Validations were made against

wind tunnel tests as well as flight measurements. A description is
given of the methods on which the codes are based and

N89-18622# Royal Aircraft Establishment, Bedford (England). applications are discussed in areas of intake aerodynamics, low
A THEORETICAL AND EXPERIMENTAL EVALUATION OF A speed high lift flow and transonic flow. Author
NUMERICAL METHOD FOR CALCULATING SUPERSONIC
FLOWS OVER WING-BODY CONFIGURATIONS N89-18630"# National Aeronautics and Space Administration.
J. L. FULKER and P. R. ASHILL In AGARD. Validation of Ames Research Center, Moffett Field, CA.
Computational Fluid Dynamics. Volume 1: Symposium Papers and EXPERIMENTAL PROGRAM FOR REAL GAS FLOW CODE
Round Table Discussion 11 p (SEE N89-18610 11.34) Dec. VALIDATION AT NASA AMES RESEARCH CENTER
1988 GEORGE S. DEIWERT, ANTHONY W. STRAWA. SURENDRA P.
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 SHARMA, and CHUL PARK In AGARD. Validation of

A method of solving the Euler equations is described and is Computational Fluid Dynamics. Volume 1: Symposium Papers and
applied to the calculation of supersonic flows over two wing-body Round Table Discussion 16 p (SEE N89-18610 11-34) Dec.
configurations typical of present day combat aircraft. A multiblock 1988
method is used to generate body conforming grids for the complex (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 CSCL
three dimensional geometries of the configurations and the flow 01A
e4Jations are solved by applying time stepping to a finite volume The experimental program for validating real gas hypersonic
algorithm. An assessment is made of the theoretically predicted flow codes at NASA Ames is described. Ground based test facilities
flows, by demonstrating the effect on the solution of some of the used include ballistic ranges, shock tubes and shock tunnels. arcjet
important features of the CFD method. Results are given for a facilities and heated air hypersonic wind tunnels. Also included
series of careful wind tunnel tests on models of similar geometry, are large scale computer systems for kinetic theory simulations
and comparisons between calculated and measured results are and benchmark code solutions. Flight tests consist of the Aeroassist
shown. Author Flight Experiment, the Space Shuttle. Project Fire 2. and planetary

probes such as Galileo, Pioneer Venus and PAET Author

N89-18631# Societe Nationale Industrielle Aerospatiale. Paris

N89-18623# Deutsche Forschungs- und Versuchsanstalft fuer (France). Div. Engins Tactiques.
THREE-DIMENSIONAL CALCULATIONS OF LATERAL JETLuff- and Raumfahdrt Goettingen (Germany. F.R.). ITRCINWT NETRA UESNCFO

THE DFVLR-F$ WING EXPERIMENT: TOWARDS THE INTERACTION WITH AN EXTERNAL SUPERSONIC FLOW
VALIDATION OF THE NUMERICAL SIMULATION OF ICALCULS TRIDIMENSIONNELS DE LINTERACTION D'UN JET
VAIDATONC VIOS TENU A S N O LATERAL AVEC UN ECOULEMENT SUPERSONIQUE
TRANSONIC VISCOUS WING FLOWS ETRE

W. KORDULLA, D. SCHWAMBORN, and H. SOBIECZKY /n EXTERNE]
AGARO, Validation of Computational Fluid Dynamics. Volume 1: M. DORMIEUX and C. MAHE (Office National d'Etudes et de
Symposium Papers and Round Table Discussion 18 p (SEE Recherches Aerospatiales. Paris, France I In AGARD. Vaidation
N89-18610 11-34) Dec. 1988 of Computational Fluid Dynamics. Volume 1- Symposium Papers

(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 and Round Table Discussion 16 p (SEE N89-18610 11-34) Dec.

A major step towards the rigorous validation of Navier-Stokes 1988 In FRENCH; ENGLISH summary

codes for the simulation of the transonic flow past transport-type (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01

wings is described. The basis for this is the DFVLR-F5 wing High maneuverability levels and short response time required

experiment which was designed to allow the analytical formulation for some tactical missiles have lead to the development of new

of a boundary value problem. This requires the determination of concepts for control systems, among which is direct thrust vector

flow conditions on the entire surface of the prescribed control control generated by a lateral jet in the vicinity of the center of

volume. The experiment led to the organization of a workshop, gravity. Aerospatiale has chosen such a concept for some of its
selected results of which are presented. These show considerable future missiles. However, generation of a transverse jet on a missile
scatter, the sources of which can not be defined veryw c se raises the problem of the aerodynamic interactions of this let on
sater, te ources ma wihe cane n be efie well because the missile. Within the framework of the development of lateral
there are too many possible ones, and the salient ingredients are je coto aplctos Aeopal ha enivstgtn.wt
too diverse. Some of the difficulties are illustrated by results of let control applications, Aerospatiale has been investigating, with
additional computations. Both, experimentalists as well as the collaboration of ONERA, aerodynamic phenomena c unnected
computational aerodynamicists, have to do more work to achieve with lateral jet interactons. Au'hor
a successful validation. Author N89-18632# Societe Nationale Industrielle Aerospatiale. Pans

(France). Div. Engins Tactiques.
NUMERICAL SIMULATION OF SEPARATED SUPERSONIC
FLOWS AROUND TACTICAL MISSILE BODIES

N89-18628# Aircraft Research Association Ltd., Bedford PHILIPPE GUILLEN and JEROME LORDON /nAGARD, Validation
(England). GARTEUR Action Group. of Computatirnal Fluid Dynamics. Volume 1: Symposium Papers
ACCURACY STUDY OF TRANSONIC FLOW COMPUTATIONS and Round Table Discussion 18 p (SEE N89-18610 11-34) Dec.
FOR THREE DIMENSIONAL WINGS 1988 Sponsored in part by Direction des Recherches Etudes et
M. P CARR In AGARD. Validation of Computational FludJ Techniques. France
Dynamics Volume 17 Symposium Papers and Round Table (AGARD-CP.437-VOL-1) Avail: NTIS HC A25/MF A0l
Discussion 17 p (SEE N89-18610 11-34) Dec. 1988 Beyond 4 or 5 degs of incidence, vortices develop on the
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A0l leeside of tactical missile fuselages. The validation is presented

GARTEUR Action Group AD(AG05) has undertaken an of a numerical approach to simulate these separated flows. In
investigabon of ten flow field methods. Calculations of inviscid this approach, the flow is computed by solving the Euler equations

flow over the DFVLR F4 wing for two conditions were analyzed. and separation is forced by a local treatment (Kufta condition
The main results and conclusions are presented. Author like) on the body of the missile, near the supposed location of
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the separation line. which has to be known. This local treatment model gives excellent predictions of the swiding flow near the
was implemented in two different Euler solvers. Results are annulus walls. Author
presented for various configurations and different aerodynamic
conditions. The influence of several parameters was investigated. N89-18645# Instituto Superior Tecnico, Lisbon (Portugal). Dept.
Finally some calculations show the interest of the method to of Mechanical Engineering.
evaluate the vortical flow interaction with wings. Author ON THE VALIDATION OF 3-0 NUMERICAL SIMULATIONS OF

TURBULENT IMPINGING JETS THROUGH A CROSSFLOW
N89-18641# Motoren- und Turbinen-Unin Muchen G~m.b.H. J. M. M. BARATA, D. F. G. DURAO, M. V. HEITOR. and J. J.
(Germany, F.R.). MCGUIRK (imperial Coll. of Science and Technology, London,

COMPUTATION OF TRANSONIC 3D CASCADE FLOW AND England ) In AGARD. Validation of Computational Fluid Dynarmcs.
COMPARISON WITH EXPERIMENTS Volume 1: Symposium Papers and Round Table Discussion 10 p
H.-W. HAPPEL and 0. STUBERT In AGARD, VaWidhtion of (SEE N89-18610 11-34) Dec. 1988 Sponsored in part by RAE,

Computational Fluid Dynamics. Volume 1: Symposium Papers and Farnborough, United Kingdom Prepared in cooperation with Lisbo

Round Table Discussion It p (SEE N89-18610 11-34) Dec. Univ. Portugal

1988 Sponsored in part by Sundesministerium fuer Forschung (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
und Technologie. Fed. Republic of Germany and Bundesminis- Laser Doppler measurements of the flow field resulting from

terium der Verteidigung, Fed. Republic of Germany the impingement of a single axisymmetric jet against a wall after

(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 penetrating a confined cross flowing stream are presented and
The inviscid turbomachinery flow within a single stator or rotor used to validate numerical predictions of the flow. The experiments

blade row is computed by a time marching 3-D Euler code. With were carried out for a Reynolds number of 60,000, corresponding
respect to rotor bades. the conservation laws are formulated in a to a jet to crossflow velocity ratio of 30 and for a jet exit 5 jet
rotating frame. The numerical scheme is explicit and first order diameters above the opposing wall. A basis is provided for better
accurate in time and space. Explicit numerc l viscosity terms are understanding of several related but more complex rvactc flow
added to the Euler equations to achieve a stable SO te are fields. The data is particularly suitable for the evaluation of the
adde to e ulerequtos tieve ca tae soution process. accuracy of the turbulence model used in several numerical
In order to save computer time, local time stepping and a grid methods currently under de:ipeffor the prediction of this
refining procedure are used in the calculation. The computational mehow. Asrrnt exaple oft for ue prediction are
efficiency of the code is demonstrated for realistic blade type of flow. As an example of this latter use, calculations are
geometries. The comparison with measurements proves the code presented of the 3-D flow characterized by the measurements (a
to be a useful tool for calculating the 3-D flow through cascades standard '.-epsilon turbulence model is used). The difficulty of
of turbomachinery. Author ssessng turbulence model performance in these complex flows

due to the intrusion of numerical diffusion errors is demonstrated
by comparing calculations on both coarse and ine meshes and

N89-18642# Dornier-Werke G.m.b.H., Friedrichshafen (Germany, by improving the accuracy of the discretization of the convection
F.R.). terms using the high order QUICK method. Author
NUMERICAL AND EXPERIMENTAL INVE.TIGATION OF
ENGINE INLET 'LOW WITH THE DORNIER EM2 SUPERSONIC N89-18649# Aeritalia Sp.A., Pomigliano D'Arco (Italy). Transport
INLET MODEL Aircraft Group.
H. BUERS, S. LEICHEP. and P. A. MACKRODT (Deutsche VALIDATION OF A MULTI-BLOCK EULER FLOW SOLVER WITH
Forschungs- und Versuchsanstat fuer Luft- und Raumfahrt, PROPELLER-SLIPSTREAM FLOWS
Goettingen, Ger-nany, F.R. ) In AGARD, Validation of A. AMENDOLA. R. TOGNACCINI, J. W. BOERSTOEL, and A.
Computfl;vnal Fluid Dynamics. Volume 1: Symposium Papers and KASSIES (National Aerospace Lab., Amsterdam, Netherlands )
Ro-nqd Table Discussion 16 p (SEE N89-18610 11-34) Dec. In AGARD, Validation of Computational Fluid Dynamics. Volume
1988 Sponsored in part by the Ministry of Defense, Fed. Republic 2: Poster Papers 15 p (SEE N89-18648 11-34) Dec. 19.8

of Germany (AGARD-CP-437-VOL-2) Avail: NTIS HC At/MF A01
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 A new computer-program system for the numerical simulabon

Numerical and experimental investigations were conducted with of subsonic and transonic flows around complex aircraft
the Domier EM2 supersonic, fixed geometry, side mounted inlet configurations is described. This system computes Euler flows on
to improve the performance in the supersonic flight regime. A multi-blocked grids. The system consists of four maio parts: a
ramp bleed system is described and some representative results block decomposer for the subdivision of flow domains into blocks,
from wind tunnel tests are presented to confirm the procedure. a grid generator for blocked flow domains, a flow solver for blocked
The theoretical investigations were executed with a block structured grids, and a flow visualizer for flows on blocked grids. These
Euler program, which allowed a more accurate modeling of the parts are interfaced by files with simple formats. Special attention
realistic aircraft geometry. To simulate boundary layer effects at was given to provide this package of software products with:
the ramp of the inlet, an outflow velocity perpendicular to the excellent portability (the system was tested on various front-end
ramp was introduced. The calculated and the experimental data and supercomputers), modularity (with respect to physical and
were in good agreement. Author numerical subtasks, and with respect of subdividing total simulation

task in loosely coupled subtasks). The system has good growth
NS9-18644# Carleton Univ., Ottawa (Ontario). Dept. of potential towards a Navier-Stokes simulation environment. The
Mechanical and Aeronautical Engineering. system is being validated with various test cases. Results of one
MEASUREMENTS AND COMPUTATIONS OF SWIRLING FLOW of these test cases (the wing/nacelle/propeller configuration tested
IN A CYLINDRICAL ANNULUS in a NASA Langley wind-tunnel, NASA CR 172605) show that the
R. J. KIND, F. M. YOWAKIM, and P. M. REDDY In AGARD, system performs reasonably from the point of view of both accuracy
Validation of Computational Fluid Dynamics. Volume 1: Symposium and operational manageability. Author
Papers and Round Table Discussion 12 p (SEE N89-18610
11-34) Dec. 1988 Sponsored in part by Natural Sciences and N$9.18650#/ Technische Univ., Delft (Netherlands). Faculty of
Engineering Research Council, Canada Aerospace Engineering.
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 INVESTIGATION OF THE SURFACE FLOW OF CONICAL

Comprehensive measurements were completed for 4 swirling BODIES AT HIGH SUBSONIC AND SUPERSONIC SPEEDS
flows in a cylindrical annulus. Nominal swirl angii

- 
were 0, 15, 30 W. J. BANNINK, E. M. HOUTMAN, and S. P. oTrOCHIAN In

and 45 degrees. The data include static and total pressure AGARD, Validation of Computational Fluid Dynamics. Volume 2:
distsbutaons, axial and tangential wall shear stress components. Poster Papers 14 p (SEE N89-18648 11-34) Dec. 1988
and profiles of the mean velocity components and of the Reynolds (AGAHD-CP-437-VOL-2) Avail: NTIS HC A11/MF A0l
shear and normal stresses. Data was provided for validation of Turbulent boundary layer calculations have been performed
computational methods. Consistency checks indicate that the data of the flow on the leeward side of two conical bodies at moderate
are of high quality and suitable for this purpose. Also outlined is a to high angles of attack. A sharp-edged planar 65 dog sweep
computational method which was used with simple mixing length delta wing at high subsonic speeds up to M (infinity) equals 0.85
turbulence models to compute development of the measured flows, and angles of attack up to 15 dog and a 7.5 dog semi-apex
The computations have demonstrated that a simple mixing length angle circular cone at M (infinity) equals 2.95 at 14 dog angle of
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02 AERODYNAMICS

attack are used. The boundary layer method, based on a finite surveys were obtained at 5 longitudinal stations, the 5-hole probe
difference predictor-corrector algorithm, assumes a conical external surveys were obtained at 3 longitudinal stations and the laser
flow and applies a local (Blasius) similarity concept in radial direction Doppler velocimeter surveys were obtained at one station. The
from the apex. The solution marches in cross-direction from the accuracy of each instrumentation system is discussed, as welt as.
reattachment line toward produced correct results with respect to discrepancies in the calculation of vorficity using various
the location of separation and the surface flow inclination, algorithms. Author
experimental pressure distributions are used to gpnerate the inviscid
solutions at the edge of the boundary layer. The predicted surface N89-18658"# National Aeronautics and Space Administration.
flow on both bodies are in close agreement with the experimental Langley Research Center, Hampton. VA.
results. In particular the location of the separation lines were very EXPERIMENTS AND CODE VALIDATION FOR JUNCTURE
close to those observed in oil flow patterns. That the approximate FLOWS
flow model (conical) produces such good results in the case of L. R. KUBENDRAN, C.-H. SUNG, and C.-I. YANG (Naval Ship
the delta wing is due to the relatively large spanwise pressure Research and Development Center, Bethesda, MO.) In AGARD,
gradients compared to the chordwise gradients. Author Validation of Computational Fluid Dynamics. Volume 2: Poster

Papers 11 p (SEE N89-18648 11-34) Dec. 1988
N89-18653# Boeing Advanced Systx'ns Co. Seattle. WA (AGARD-CP-437-VOL-2) Avail: NTIS HC A 1I/MF A0l CSCL
SLENDER CONE CFD AND EXPERIMENTAL DATA OtA
COMPARISONS IN HYPERSONIC FLOW The turbulent flow around a juncture formed by an unswept
J. Y. BALTAR and E. TJONNELAND In AGARD, Validation of wing and a flat plate has been experimentally studied, and the
Computational Fluid Dynamics. Volume 2: Poster Papers 14 p effectiveness of modifications near the wing leading edge in
(SEE N89-18646 11-34) Dec. 1988 controlling the juncture flow field has been evaluated. The results
(AGARD-CP-437-VOL-2) Avail: NTIS HC AIt/MF A01 are compared with numerical solutions of the incompressible

A zonal Navier-Stokes Parabolized Navier-Stokes (NS/PNS) Reynolds-averaged Navier-Stokes equations. The Baldwin-Lomax
computational fluid dynamics (CFO) analysis o1 the flow field about turbulence model is used in the computations. The numerical code
sharp and slightly blunted cones at Mach 18.7 was made. The is very time efficient, and it predicts the flow behavior well, including
results were compared with experimental measurements from the the detection of leading-edge vortex formation, It tends to
Princeton High Pressure Hypersonic Nitrogen Tunnel. Plots are over-predict the boundary layer thickness and the location of the
shown comparing predicted and measured shock locations, surface vortex. Both the experiment and computations indicate that the
pressures, surface heat transfer, and several flow field properties, leading edge flow separation is eliminated by the use of a
Contour plots of the overall flow field are shown for cones with leading-edge fillet designed in this study, resulting in drag
two nose radii. The agreement between the CFD results and reduction. Author
expenment was fair considering that several important aspects of
the flow physics in the tunnel were not properly modelled. The N89-18660# Aeronautical Research Inst. of Sweden, Bromma.
most important of these are the axial variation in wind tunnel LARGE-SCALE VISCOUS SIMULATION OF LAMINAR VORTEX
static pressure and the gas characteristics of the nitrogen in the FLOW OVER A DELTA WING
test section. The experimental data set, including data up to Mach BERNHARD MUELLER and ARTHUR RIZZI (Aeronautical
26.5, has proven to be valuable for improving the understanding Research Inst. of Sweden, Stockholm.) In AGARD, Validation of
of the flow physics on slender cones at hypersonic speeds. Computational Fluid Dynamics. Volume 2: Poster Papers 16 p

Author (SEE N89-18648 11-34) Dec. 1988
(AGARD-CP-437-VOL-2) Avail: NTIS HC A11/MF A0l

N69-18655# Defence Research Establishment Ottawa, A numerical method has been developed to solve the
(Ontario). Navier-Stokes equations for laminar compressible flow around delta
COMPARISON OF THEORY AND EXPERIMENT FOR FOUR wings. A large-scale solution on a mesh of 129x49x65 points for
SUPERCRMCAL, LOW DRAG AIRFOILS transonic flow M (infinity) equals 0.85 alpha equals 10 deg. and
D. J. JONES. M. KHALID, and B. EGGLESTON (De Havilland Re (infinity), sub C sub R equals 2.38x10 to the 6th around a 65
Aircraft Co. of Canada Ltd.. Downsview, Ontano ) In AGARD, deg. swept delta wing with round leading edge is presented an
Validation of Computational Fluid Dynamics. Volume 2: Poster discussed. The results reveal the presence of primary, secondary.
Papers 16 p (SEE N89-18648 11-34) Dec. 1988 and even tertiary vortices. Companson with expenment shows that
(AGARD-CP.437-VOL-2) Avail: NTIS HC A11/MF A0l the interaction between the primary and secondary vortices is

A comparison of a revised Bauer, Garabedian, and Korn (BGK) obtained correctly and that these results are a more realistic
code, GRUMFOIL, and the DRELA code from MIT (modified by simulation than the one given by the Euler equations. Author
Boeing) is here presented. The results are compared against
experimental data for four different airfoils with relative thickness N8S-18663"# National Aeronautics and Space Administration
from 10 to 21 percent. Shown here is a comparison of three Langley Research Center, Hampton, VA.
different two-dimensional transonic airfoil theories and a OVERVIEW OF CFD METHODS AND COMPARISON WITH
comparison of them to experimental data obtained in a 1.5 m x FLIGHT AEROTHERMAL DATA
1.5 m blowdown wind tunnel with a 38 cm wide 2-D insert. Four KENNETH SUTTON. ERNEST V. ZOBY, and H. HARRIS
different airfoils of 10, 13. 16 and 21 percent maximum thickness HAMILTON In AGARD, Validation of Computational Fluid
are considered in the study. Author Dynamics. Volume 2: Poster Papers 17 p (SEE N89-18648 11-34)

Dec. 1988
N9-18657"# National Aeronautics and Space Administration. (AGARD-CP-437-VOL-2) Avail: NTIS HC Al1l/MF A0l CSCL
Langley Research Center, Hampton, VA. 01A
DETAILED FLOWFIELO MEASUREMENTS OVER A 75 DEG An overview of previously published aerothermat investigations
SWEPT DELTA WING FOR CODE VALIDATION which demonstrate the capabilities of detailed computational fluid
SCOTT 0. KJELGAARD and WILLIAM L. SELLERS, III In AGARD. dynamics and engineering codes to predict the aerothermal
Validation of Computational Fluid Dynamics. Volume 2: Poster environment about ai sntry vr':icle s presented. The overview
Papers 14 p (SEE N89-18648 11-34) Dec. 1988 consists of a brief discussiun of the computational methods and
(AGARD-CP-437-VOL-2) Avail: NTIS HCAlI/MFA01 CSCL experimental data and includes comparisons between the
01A computed results and data. The overview focuses primarily on

Selected results from an experimental investigation documenting analyses of flight data since these data provide the unique capability
the flowfield over 75 deg swept delta wing at an angle-of-attack to assess the real-gas chemistry options in the codes. The
of 20.5 deg are presented. Results obtained in the investigation computed results are based on a series of codes which are
include surface flow visualization, off-body flow visualization, and employed by the Aerothermodynamics Branch of the Space System
detailed flowfbeld surveys for vanous Reynolds numbers. Flowfield Division at the Langley Research Center. The flight data, which
surveys at Reynolds numbers of 0.5, 1.0 and 1.5 million were were measured on the Reentry F, the Space Shuttle, and the Fire
conducted with both a pilot pressure probe and a 5-hole pressure I vehicles, represent a wide range of vehicle configurations and
probe; and 3-component laser Doppler velocimeter surveys were freestream conditions. Also. results of one recent set of ground
conducted at a Reynolds number of 1.0 million. The pilot pressure tests are included since the tests provide data on a model of a
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pending flight project. The comparisons of the predicted results nations is long Overdue. At its sixty-sixth meeting, the Structures
and data demonstrate the adequacy of the present computational and Materials Panel held a conference of specialists, the aim of
fluid dynamics capabilities and indicate the potential to predict the which was to stimulate an exchange of experience and
aerothewal environment about future flight vehicles. Author development results. A further aim was to act as a focus for the

discussion of those design philosophies which may be needed to
provide the balance between survivability and functions. The

03 document contains the papers presented For individual titles,
see N89-18422 through N89-18442.

AIR TRANSPORTATION AND SAFETY N89-18422# Ingenieur a Ia Direction des Constructions

Aeronautiques, Paris (France).
Includes passenger and cargo air transport operations; and aircraft REGULATORY ASPECT OF CRASHWORTHINESS (ASPECT
accidents. REGLEMENT DU CRASHWORTHINESS]

P. J. RABOURDIN In AGARD, Energy Absorption of Aircraft
Structures as an Aspect of Crashworthiness 14 p (SEE N89-18421

N86-30708# Advisory Group for Aerospace Research and 11-03) Dec. 1988 In FRENCH
D-a,,spm ,nt. Neulry Sur-Seine (France) Avionics Panel (AGARD-CP-443) Avail: NTIS HC A!5fMF A01
INTERACTION BETWEEN EMP (ELECTROMAGNETIC PULSE), Aircraft crashworthiness is examined from the perspective of
LIGHTNING AND STATIC ELECTRICITY WITH AIRCRAFT AND safety and regulation. The past and anticipated evolution of
MISSILE AVIONICS SYSTEMS crash-related regulations is described. Two main areas of regulatory
1986 144 p Presented at a Lecture Series, Ankara, Turkey, concern for the future are identified and discussed: acceleration
29-30 May 1986, Oberpfaffenhofen, West Germany. 2-3 Jun. 1986, attenuation (including modification of safety standards related
and The Hague, The Netherlands, 5-6 Jun. 1986; sponsored by passenger seating) and passenger evacuation. Author
Avionics Panel and the Consultant and Exchange Programme of
AGARD N89-18423# Army Aviation Systems Command, Fort Eustis, VA.
(AGARD-LS-144; ISBN92-835-1528-5; AD-A171298) Avail: NTIS Safety and Survivability Technical Area.
HC A07/MF A01 EVOLVING CRASHWORTHINESS DESIGN CRITERIA

Interactions between transient electromagnetic waves with C. HUDSON CARPER and LEROY T. BURROWS In AGARD,
aircraft and missile avionics systems are described. Transient Energy Absorption of Aircraft Structures as an Aspect of
electromagnetic waves include electromagnetic pulses (EMP) from Crashworthiness 8 p (SEE N89-18421 11-03) Dec. 1988
nuclear explosions, lightning, and static electricity. Interactions are (AGARD-CP-443) Avail: NTISHCA15/MFA0f
introduced by coupling of EMP and lightning induced currents and Although significant strides were made in recent years toward

voltages with avionics components. Shielding against these improving aviation safety, mishaps involving all classes of
interactions is discussed with respect to induced currents and helicopters presently are and will continue to be a major, expensive
voltages from EMP and lightning, and induced voltages from static U.S. Army problem in terms of casualties, material loss, and
charging effects. Several examples of interactions, coupling, reduction in mission effectiveness. Modern day training and tactical
shielding, and measurement techniques are presented. This Lecture employment requirments for the U.S. Army helicopter dictate that
Series, sponsored by the Avionics Panel of AGARD, has been a large percentage of operations occur in the low-speed.
implemented by the Consultant and Exchange Program of low-altitude flight regime, which contributes to the problem by
AGARD. Author reducing critical margins of safety normally associated with higher

N86-30709# Advisory Group for Aerospace Research and airspeed and higher altitude operations with accompanying greater

Development, Neuily-Sur-Seine (France). Structures and Materials time for response in case of an emergency. This increased

Panel, probability of accident occurrence, coupled with the lack of in-flight

CRASHWORTHINESS OF AIRFRAMES egress capability, makes design for crashworthiness essential for

1986 34 p Presented at the 61st Meeting of the Structures Army helicopters. The evolution of crash survival design for
ad sPanel of AGARD in Obermmergau West Germany, rotary-wing aircraft and its application to current and new generdionand Materials P Army helicopters are discussed. Emphasis is given to the need

8-13 Sep. 1985
(AGARD-R-737; ISBN92-835-1525-0; AD-A171305) Avail: NTIS for a total systems' approach in design for crashworthiness and

HC A03/MF AOl the necessity for considering crashworthiness early in the design

At its 61st Meeting the AGARD Structures and Materials Panel phase of an aviation weapons development effort. The actual

heard three papers as a preliminary to setting up a Sub-Committee application of crashworthiness to Army helicopters is presented

on this topic; this publication contains these papers. They survey with slatistics that show dramatic reductions in fatalities and injuries

a range of theoretical and experimental aspects of crashworthiness with implementation of a crashworthy fuel system. The cost

relating to metallic structures. For structures made of these effective aspects of designing helicopters to be more crash
materials theoretical methods are becoming useful design tools, survivable are also discussed. Author

but much further development is required before composite
structures can be satisfactorily handled. There is a very great N89-18424# Cranfield Inst. of Te-"., Celord (England). Impact
need for a data base of reliable experimental information (including Centre.
accident data bases) on both metallic and composite structures, CRASHWORTHINESS DESIGN METHODS APPLICABLE AT

Author CONCEPT STAGE
M. M. SADEGHI In AGARD, Energy Absorption of Aircraft

N89-18421# Advisory Group for Aerospace Research and Structures as an Aspect of Crashworthiness 21 p (SEE N89-18421
Development, Neutily-Sur-Seine (France). Structures and Materials 11-03) Dec. 1988
Panel. (AGARD-CP-443) Avaid: NTIS HC A1S/MF AOl
ENERGY ABSORPTION OF AIRCRAFT STRUCTURES AS AN For the effective incorporation of the secondary safety into
ASPECT OF CRASHWORTHINESS structures developed for aircraft and moving vehicles, it is essential
Dec. 1988 327 p In ENGLISH and FRENCH Meeting held in to tackle crashworthiness in the early stage of the development.
Luxembourg, 1-6 May 1988 For a set of defined loading conditions (crash or crush) to which
(AGARD-CP-443; ISBN-92-835-0485-2) Avail: NTIS HC A15/MF the structure must comply, it is of great benefit to specify necessary
A01 guidelines for defining collapse zones, as well as structural

Considerable effort was hitherto devoted to crash avoidance, properties concerning nonlinear behavior of constituent
but relatively little to crash survivability. In certain regimes the risk components and joints of the overall structure. A hybrid approach
of accident remains, e.g., the low-altitude low-speed regime. There is described which predicts the crash behavior of an impacting
is a strong incentive to increase the prospects for occupant survival structure which is tailored to velocities which do not exceed 30 to
through improvements in airframe design. Information about 40 miles/h. The method involves using component and joint test
structural behavior and characteristics under these conditions is data (as data base) in conjunction with coarse finite element
very sparse and an exchange of information between the NATO idealization to determine the collapse mechanism sequence of
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the collapse and collapse speed of an impacting structure. N89-18428# Advisory Group for Aerospace Research and
Author Development, Neuilly-Sur-Seine (France). Safety and Survivability

Technical Area.
FULL SCALE HELICOPTER CRASH TESTING

N89-18425# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich HAROLD HOLLAND and KENT F. SMITH In AGARD. Energy
(Germany, F.R.). Absorption of Aircraft Structures as an Aspect of Crashworthiness

CRASHWORTHINESS ACTIVITITES ON MBO HELICOPTERS 7 p (SEE N89-18421 11-03) Dec. 1988

F. OCH In AGARD, Energy Absorption of Aircraft Structures as (AGARD-CP-443) Avail: NTIS HC A15/MF A0l

an Aspect of Crashworthiness 22 p (SEE N89-18421 11-03) Dec. Today, analytical math models are becoming more capable of
1988 predicting the dynamic behavior of aircraft structures and occupants

(AGARD-CP-443) Avail: NTIS HC A15/MF A01 subjected to crash loads. The engineering community still finds it

Crashworthiness activities at MBB date back to the late sixties, necessary, however, to periodically perform full-scale crash tests

when during 80 105 development crash protection systems such for the purpose of validating math models, exploring crashworthy

as seats, fuel systems, and landing gears were developed which component design concepts, defining synergistic effects, or a

are integrated in the mitifary versions of the 80 105 for the German variety of other goals. Aspects of full-scale aircraft crash testing

Army. In February 1974 a 0 105 was crash tested to show based on almost 30 years esperieron by the U.S. Army Aviation
compliance with the Crash Survival Design Guide (TR 71-22) under Applied Technology Directorate (AVSCOM) and its predecessor

an impact condition of 15 m/s longitudinal and 8 m/s vertical organizations are addressed. Though each test is unique, certain

velocity. Since the mid-seventies theoretical studies were principles and procedures were found to provide a high degree of

conducted with the aide of the computer program KRASH and assurance of acquiring accurate data. Author

nonlinear finite element codes, supported by the German Ministry
of Defence, and partly verified by component tests. The experience
with the crash behavior ci the 80 105 was successfully used for N89-18429# Messerschmift-Boelkow-Blohm G.m.b.H.. Munich
the development of the SK 117 which was shown by a full-scale (Germany, F.R.).
crash test, conducted in 1985 by Kawasaki, MMB's partner in the CRUSHING BEHAVIOUR OF HELICOPTER SUBFLOOR
BK 117 development. Effective design tools, both in house and at STRUCTURES
subcontractors and experience with helicopters in service are used J. FRESE and D. NITSCHKE in AGARD, Energy Absorption of
at MBB to contribute significantfy to fulfill the crash requirements Aircraft Structures as an Aspect of Crashworthiness 23 p (SEE
in European helicopter programs and in joint development with N89-18421 11-03) Dec. 1988
foreign partners. Although crash protection techniques and (AGARD-CP-443) Avail: NTIS HC A15/MF A01
crashworthiness prediction methods are already fairly well Crash loads must be attenuated in the landing gear, the subfloor
established, there still remains a lot of tasks, mainly when using structure, and the seat to values tolerable for the human body In
advanced materials and in improving the analytical methods from addition the remaining loads must not jeopardize a living space
an economic point of view. Author for the occupants. A program was undertaken to investigate, both

analytically and experimentally, the crushing behavior of helicopter
subfloor structures. Stiffened panels and honeycomb sandwich

NSO-18426# Politecnico di Milano (Italy). Dept. of Aerospace panels in metal were considered under quasistatic and dynamic
Engineering. conditions. The primary intent of the investigations was to design

THE DESIGN OF HELICOPTER CRASHWORTHINESS subtloor structures with high efficiency for crash impact and to
V. GIAVOTTO, C. CAPRILE, and G. SALA In AGARD, Energy establish the nonlinear characteristics of subfloor structures as
Absorption of Aircraft Structures as an Aspect of Crashworthiness input data for the program KRASH. Author

9 p (SEE N89-18421 11-03) Dec. 1988
(AGARD-CP-443) Avail: NTIS HC AtS/MF A01

The extensive use of composite materials in helicopter N89-18430# Deutsche Forschungs- und Versuchsanstalt fuer
structures has prompted research activities in crashworthiness in Luft- und Raumfahrt Stuttgart (Germany, F.R.). Inst. for Structures
the last decade. A rational design of crashworthy structures requires and Design.
a great deal of data and experience to be collected and organized; CRASH INVESTIGATIONS WITH SUB-COMPONENTS OF A
in particular the most efficient mechanisms of energy absorption COMPOSITE HELICOPTER LOWER AIRPLANE SECTION
must be understood and carefully investigated and consequently CH. KINDERVATER, A. GIETL, and R. MUELLER
the best structural concepts and detail design can be identified. (Messerschmitt-Boelkow-Blohm G.m.b.H., Munich, Germany. FR.)
With this aim and in cooperation with Agusta Helicopters a research In AGARD, Energy Absorption of Arcraft Structures as an
program was undertaken, covering many of the basic aspects of Aspect of Crashworthiness 18 p (SEE N89-18421 11-03) Dec.
crashworthy design, i.e., dynamic experimentation on subcom- 1988
ponents and subassemblies, hybrid and true finite element (AGARD-CP-443) Avail: NTIS HC A15/MF A01
modeling, design, and verification procedures. The paper presents For the BK 117 helicopter a composite fuselage was designed,
some preliminary results, together with the outline of the whole manufactured, and will be flight tested at MBB. Within the
program. Author development program evidence was given to the crashworthy

design of the fuselage which was accomplished by a joint activity
between MOB and OFLVR Stuftgart. The crash investigations were

N89-18427# Avions Marcel Dassault-Breguet Aviation, focused on the lower airframe section under vertical crash loads.
Saint-Cloud (France). The task was performed by design support tests on the specimen
DEVELOPMENTS AND PERSPECTIVES AT AMO-BA IN THE level and by subcomponent crush testing. Sandwich panel
FIELD OF IMPACT AND CRASH SIZING [DEVELOPPEMENTS specimens were statically and dynamically crushed to study various
ET PERSPECTIVES DANS LE DOMAINE DU crush initiators at the panel-skin intersections, and to investigate
DIMENSIONNEMENT AUX IMPACTS ET AU CRASH AUX the energy absorption capability. Subcomponent crush tests under
AMD-BA quasi-static loading were concentrated on structural node points
Y. MARTiN-SIEGFRIED In AGARD, Energy Absorption of Aircraft (intersections of keel beams and bulkheads) and on bulkheads
Structures as an Aspect of Crashworthiness 13 p (SEE N89-18421 located in the rear of the fuselage. The component's crush
11-03) Dec. 1988 In FRENCH; ENGLISH summary Original characteristics and the energy absorption performance were
language document was announced in IAA as A9-21407 determined. Various designs with notched corners at the
(AGARD-CP-443) Avail: NTIS HC At5/MF A01 intersections of beams and bulkheads were considered with the

Impact and soft crash sizing simulations were performed using aim to reduce the initial peik failure loads. Structural elements
a finite-element global ground-aircraft model. Results are presented supporting the parallel panels of the landing skid frames were
for the hard landing of a Mercure aircraft and the soft crash of a used to avoid global buckling and to initiate and stabilize efficient
Falcon 900 aircraft. The data will be used as input in the dynamic energy absorption crush modes. The generated load-deflection
and nonlinear modeling of hard crash problems for commuter-type characteristics of the subcomponents are intended to be used as
aircraft such as the Falcon 10. B.G. inputs for crash simulation calculations. Author
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NeS-1S4314 Deutsche Forschungs- unit Vea chsanstsit fuer N1S-1434# Toronto Univ., Oownsview (Ontario). Inst. for
Luff- und Raumfahrt, Stuttgart (Germany. F.R.). Inst for Structures Aerospace Studies.
and Design. STUDY OF THE DYNAMIC BEHAVIOUR OF STIFFENED
CRASHWORTHY DESIGN OF AIRCRAFT SUBFLOOR COMPOSITE FUSELAGE SHELL STRUCTURES
STRUCTURAL COMPONENTS J. S. HANSEN and R. C. TENNYSON In AGARD, Energy
CH. KINDERVATER, H. GEORGI, and U. KOERBER In AGARD, Absorption of Aircraft Structures as an Aspect of Crashworthiness
Energy Absorption of Aircraft Structures as an Aspect at 12 p (SEE N89-18421 11-03) Dec. 19W8
Ciashworthiness 24 p (SEE N89-18421 11-03) Dec. 198 (AGARD-CP-443) Avail: NTIS HC A15/MF AO0
(AGARD-CP-443) Avail: NTIS HC A15/MF A0l An overview of the development of a computer model for

Subtloor beams and bulkheads in aircraft structures are analyzing the crash response of stiffened composite fuselage
designed to carry longitudinal and shear loads resulting from structures is presented together with the experimental validation
fuselage bending and torsion. In crashes, however, the subfloor is program. Using a finite element formulation based on
highly loaded in compression and shear. Especially the intersections Reissner/Mindlin plate theories, the numerical model can treat
of beams and bulkheads represent stiff vertical hard points, and stiffened laminated shell buckling, large defelections, nonlinear
the resulting high peak failure loads under compression can create material behavior, and element failure. Numerical results are
life threatening crash pulses to the occupants. For a uommuter presented for several test cases, although experimental
type aircraft subfloor aluminum as well as composite cruciforms comparisons are not yet available. Details on the design and
were designed to mafr'- il3 same longitudinal stiffness of the construction of the first prototype composite fuselage model are
floor beams and the same shear stiffness of the bulkheads. Various also provided together with a description of the crash test facility.
designs of the intersections including notched comers, corrugated Author
and tapered edge joints, and less stiff laminate layups were
investigated to reduce the initial peak loads, and to trigger efficient
energy absorbing crush failure modes. The cruciforms and
subelements such as angle stiffeners and angle stiffened plates
were statically crush tested in order to gain information about the N89-18435# Lockheed Aeronautical Systems Co., Burbank, CA.
complex collapse behavior of subftoor construction. Based on the TRANSPORT AIRPLANE CRASH SIMULATION, VALIDATION
load-deflection curves important energy absorption parameters AND APPLICATION TO CRASH DESIGN CRITERIA
were determined, and were compared to the aluminum baseline G. WITTLIN and C. CAIAFA (Federal Aviation Administration,
design. For crash simulations with so called hybrid computer codes Atlantic City. NJ.) In AGARD, Energy Absorption of Aircraft
load deflection curves of structural elements are needed as input Structures as an Aspect of Crashworthiness 23 p (SEE N89-18421
data. For the cruciforms and sub-elements, the prediction of load 11-03) Dec. 1988
deflection curves are presented and discussed including plastic (AGARD-CP-443) Avail: NTIS HC A15/MF AOl
hinge formation and approximate mean crush load prediction as A brief description of the evolutionary development of the
well as faiture load and critical stress evaluations. Author program KRASH to its most recent release, KRASH85, is

presented, and some background is provided to delineate various
program features as well as to illustrate the range of aircraft

N89-16432# Centre d'Essais Aeronautique Toulouse (France). configurations and impact conditions for which the program was
Lab. d'Essais de Crash. validated. The application of program KRASH to analyze the
METHOD AND MEANS FOR GROUND CRASH TESTING AT structural crash dynamics behavior of a narrow-body commercial
THE CENTRE DESSAIS AERONAUTIGUE DE TOULOUSE: jet transport aircraft used in the FAA/NASA conducted Controlled
APPLICATION TO THE SA 341 AND AS 332 HELICOPTERS Impact Demonstration (CID) test is discussed. A description of
(METHODE ET MOYENS DESSAIS D'ECRASEMENT AU SOL the modeling along with comparative results between test and
AU CENTRE D'ESSAIS AERONAUTIQUE DE TOULOUSE: analyses is provided. Included in the correlation effort are
APPLICATION AUX HELICOPTERES SA 341 ET AS 3321 acceleration time histories, sequence of impact events, fuselage
RENE GUINOT I AGARD, Energy Absorption of Aircraft crush distribution, wing and fuselage bending moment distributions.
Structures as an Aspect of Crashworthiness 26 p (SEE N89-18421 and estimates of moment and shear strength levels. The results
11-03) Dec. 1988 In FRENCH of the transport aircraft correlation effort are used in a subsequent
(AGARD-CP-443) Avail: NTIS HC A151MF A01 parametric study to formulate a crash design velocity envelope.

Test installations and methodologies used for evaluating the Parametric analyses, section test and full-scale crash test results
general structural response and crashworthiness of helicopters are are utilized and presented in the form of acceleration time histories
discussed. In particular, a 20-meter vertical drop tank, a horizontal at the cabin floor. The transport crash design envelope, along
acceleration stand, a vehicle crash installation, a landing dynamics with additional data. is used to assess the effect of aircraft size
stand, and a severe crash installation are described. The kinds of on floor acceleration pulses in a survivable crash environment.
results obtained from each test stand are listed. Data acquisition The most recent applications of KRASH are discussed. Author
and analysis strategies are also described. Finally, some results
obtained for the SA 341 Gazelle and the AS 332 Super Puma are
summarized. Author

NSS-18436# Industrieanlagen-fBetrietsgesellscha mb.H.,
N89-10433# Institut de Mecanique des Fluides de Lille Ottobrunn (Germany. F.R.).
(France). CRASHWORTHINESS OF AIRCRAFT STRUCTURES
NUMERICAL AND EXPERIMENTAL STUDY OF THE CRASH W. JARZAB and R. SCHWARZ In AGARD, Energy Absorption
BEHAVIOR OF HELICOPTERS AND AIRCRAFT (ETUDE of Aircraft Structures as an Aspect of Crashwurthiness 13 p (SEE
NUMERIOUE ET EXPERIMENTALE DU COMPORTEMENT AU N89-18421 11-03) Dec. 1988
CRASH DES HEUCOPTERES ET DES AVIONSI (AGARD-CP-443) Avail: NTIS HC A15/MF A01
F. DUPRIEZ, P. GEOFFROY, J. L. PETITNIOT, and T. VOHY In Modern analytical models and their numerical realizations have
AGARD, Energy Absorption of Aircraft Structures as an Aspect of become powerful tools in nonlinear crash analysis. Crash simulation
Crashworthiness 17 p (SEE N89-18421 11-03) Dec. 198 In has to consider advanced nonlinear constitutive equations and
FRENCH sophisticated formulations of the contact problem. The refinement
(AGAFRD-CP-443) Avail: NTIS HC A15/MF A01 of discretizatlion and the treatment of geometrical complex

The crash behavior of helicopters and fixed-wing aircraft was structures requires highly developed hardware like the vector
studied numerically by the finite element method and experimentally processor. Topics discussed are the material modeling of impact
using representative models. Experimental results obtained with a loaded composite structures, the main features of an explicit crash
falling autorotating hel;;optr compared with full-scale testing code and the results of two calculations simulating the drop test
results. An experimental study of the landing of a light aircraft on of a B707-section. Finally the possibilities of a specific interface
soft ground is discussed. Elastoplastic bending results and data between a crash code bared on the finite element method like
on the crushing of metallic structures were applied to the numerical ANCS and a program like KRASH85 are outlined in detailed.
study of a commercial aircraft structure. M.G. Author
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NaO-18437# Engineering System International, Eschborn 04
(Germany, F.R.).
CRASH SIMULATION AND VERIFICATION FOR METALLIC, AIRCRAFT COMMUNICATIONS AND NAVIGATION
SANDWICH AND LAMINATE STRUCTURES
D. ULRICH, A. K. PICKETT, E. HAUG, and J. BIANCHINI
(Engineering System International. Rungis, France ) In AGARD, Includes digital and voice communication with aircraft; air navigation
Energy Absorption of Aircraft Structures as an Aspect of systems (satellite and ground based); and air traffic control.
Crashworthiness IS p (SEE N89-18421 11-03) Dec. 1988
(AGARD-CP-443) Avail: NTIS HC A15/MF A01

Some of the research for crash simulation of structures using N8713275# Strathclyde Univ., Glasgow (Scotland). Dept. of
metallic and composite construction recently undertaken at ESI is Electronic and Electrical Engineering.
outlined. Several current areas of interest are reviewed including FIBRE OPTIC GYROSCOPES IN INERTIAL NAVIGATION
helicopter stiffened panel construction, automotive structures, and, B. CULSHAW and J. D. NUTTALL (Ferranti Ltd.. Edinburgh
on a micro levej, the compressive failure analysis of Carbon-Epoxy (Scotland).) In AGARD Guided Optical Structures in the Military
test coupons. In each study a specialized finite ele-sent code is Environment 6 p (SEE N87-t3273 04-74) May 1986
used. The dynamic buckling behavior of panels stiffened with Z (AGARD-CP-383) Avail: NTIS HC A14/MF A01
sections are simulated numerically. The various components are The potential application of fiber optic gyroscopes (FOG) in
connected using specially developed rivet elements that fail at a interial navigation (IN) systems is discussed. The requirements for
prescribed load and are intended to produce a controlled collapse IN are briefly reviewed and compared to the reported performance
mode. These panels form the lower structure of a helicopter frame of experimental FOG's. This leads to the identification of areas in

which also houses a flexible membrane fuel compartment. The which further work is necessary, in both physical understanding

effect of this internal hydrostatic loading is also represented during and technological developments. Author

the crash event. Some preliminary dynamic investigations for failure
predictions of honeycomb core panels are also discussed. N87-21881# Advisory Group for Aerospace Research and

Verification of these numerical procedures with experimental Development, Neuilly-Sur-Seine (France). Guidance and Control

behavior is an important issue. The automotive industry has well Panel.

defined experimental test procedures which provide an excellent EFFICIENT CONDUCT OF INDIVIDUAL FLIGHTS AND AIR

standard to assess and validate numerical results. The progressive TRAFFIC OR OPTIMUM UTILIZATION OF MODERN

failure analysis of Carbon-Epoxy fiber test coupons loaded in TECHNOLOGY FOR THE OVERALL BENEFIT OF CIVIL AND

compression and in bending are undertaken using the program MILITARY AIRSPACE USERS

PAM-FISS. The material model uses a BI-PHASE concept in which ANDRE BENOIT, ed. Dec. 1986 326 p In ENGLISH and

the constituent matrix and fiber materials have independent FRENCH Symposium held in Brussels, Belgium, 10-13 Jun.

mechanical and failure criteria. Author 1986
(AGARD-CP-410; ISBN-92-835-0403-8; AD-A182150) Avail:
NTIS HC A15/MF A01

N89-16438# H. W. Structures Ltd., Pitsea (England). A number of issues related to air traffic control are investigated,

PREDICTING CRASH PERFORMANCE with particuliar attention being paid to new technologies. Attention
D. PARSONS and A. BELFIELD In AGARD, Energy Absorption is focused on the use of more powerful data processing

of Aircraft Structures as an Aspect of Crashworthiness 13 p (SEE technologies, the introduction of satellites for integrated navigation

N89-18421 11-03) Dec. 1988 communications and surveillance and the potential role of automatic

(AGARD-CP-443) Avail: NTIS HC A15/MF A01 two-way air/ground data links. The fields covered include advanced
In the past, aircraft were designed with high structural integrity surveillance radar, advanced landing systems, the management

such that crash situations can be avoided, i.e., aircraft were of air traffic, the potential and limitations of automation, including

designed for crash avoidance and not crashworthiness. There is the possible applications of intelligent knowledge based systems

considerable effort now being devoted to the study of aircraft and new onboard equipment that will necessitate a fresh look at
crashworthiness. Clearly, it is only in relatively low speed impacts the relationship between air traffic control and individual aircraft.

that design considerations may be effective. In this area, H.W. For individual titles, see N87-21a82 through N87-21904.
Structures, LTD and the automotive environment in general have
buitt up a wealth of experience. How this experience may be N$7-21882# Air Navigation Technical Service. Paris (France).
applied to aircraft structures is discussed. Analytical techniques Dept. Radiocummincation et Radioguidage.

for prediction of the behavior of the structure and its occupants THE SELECTION OF FUTURE CIVIL AIR NAVIGATION
are examined. Author SYSTEMS

OLIVIER CAREL In AGARD Efficient Conduct of Individual Flights
and Air Traffic or Optimum Utilization of Modem Technology for

N9-18439# Advisory Group for Aerospace Research and the Overall Benefit of Civil and Military Airspace Users 7 p (SEE
Development, Neuilly-Sur-Seine (France). Biodynamics and N87-21881 15-04) Dec. 1986
Bloengineering Div. (AGARD-CP-410) Avail: NTIS HC A15/MF A01
HUMAN CRASHWORTHINESS AND CRASH LOAD LIMITS The International Civil Aviation Organization has established a
HENNING E. VONGIERKE and JAMES W. BRINKLEY In AGARD, special committee (FANS) responsible for assessing Future Air
Energy Absorption of Aircraft Structures as an Aspect of Navigation Systems. This report describes the creation of this
Crashworthiness 15 p (SEE N89-18421 11-03) Dec. 1988 committee and gives a detailed summery of its principle meeting,
(AGARD-CP-443) Avail: NTIS HC A15/MF A01 FANS-2, held in April 1985, Recent work of the committee is also

The assessment of the hazard to a crewmember in a potential discussed. Automatic dependent surveillance (ADS) and required
aircraft crash requires information about human tolerance to navigation performance capability (RNPC) concepts are addressed.
mechanical forces, a method for the identification and evaluation Finally, the rapid evaluation of aeronautic mobile communications
of the contributing factors to potential infury in a crash and a by satellite is discussed. M.G.
means of estimating the environemental forces on an occupant
and the resultant responses of the occupant. Results or research NB?-21883# Eurocontro Agency, Brussels (Belgium).
in the U.S. Ai Force in these three areas are discussed. Specifically, AIR NAVIGATION SERVICES AND AIRCRAFT AROUND THE
the rationile for and formulation of a dynamic response six YEAR 2000
degree-of-freedom whole body impact tolerance specification, a V. VACHIERY In AGARD Efficient Conduct of Individual Flights
detailed hear-spine structural mechanics and a vehicle occupant and Air Traffic or Optimum Utilization of Modern Technology for
gross motion rigid body dynamics model and their areas of the Overall Benefit of Civil and Military Airspace Users 16 p (SEE
applicability in crash analysis; and features of the developed U.S. N87-21881 15-04) Dec. 1986
Air Force Advanced Dynamic Anthropomorphic Manikin (ADAM) (AGARD-CP-410) Avail: NTIS HC A15/MF A01
are discussed. ft is suggested tlat a comprehensive method for The Air Traffic Services (ATS) System for 2000 and beyond
injury risk assessment for any system must consider all three shall have to cope with the constantly increasing traffic demand.
areas. Author It shall take wholly into account the methods by which the aircraft
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are conducted, and. in particular the ability to adhere accurately N87-21887# Eurocontrol Agency, Brussels (Belgium).
to a predefined profile. Since 1980 a working party of the POSSIBLE CONTRIBUTIONS FROM THE SSR MODE S DATA
EUROCONTROL Agency has been in charge of the development LINK TO THE CONDUCT OF EFFICIENT AIRCRAFT
of a future system concept and the formulation of a corresponding OPERATIONS
research program. The objectives, the difficulties, the main M. E. COX In AGARD Efficient Conduct of Individual Flights and
principles and the characteristics associated with the development Air Traffic or Optimum Utilization o Modern Technology for the
and implementation of the future ATS concept are reviewed. The Overall Benefit of Civil and Military Airspace Users 15 p (SEE
necessity for close consultation between aircraft manufacturers, N87-21881 15-04) Dec. 1986
avionics manufacturers, aircraft operators and the authorities (AGARD-CP-410) Avail: NTIS HC A15/MF A01
responsible for air traffic management is discussed. Author The paper entitled Data Link - The Key to Improvements in

Civil Military Air Traffic Management-, presented at the Guidance
and Control Panel (GCP) Symposium, Copenhagen. in October

N87-21884# Stuttgart Univ. (Germany. FR.). Inst. for 1979, outlined a number of potential applications of a data link.
Navigation. then known as ADSEL/DABS, and referred to a number of
GPS: OVERVIEW AND PRESENT STATUS feasibility studies that were being conducted in respect of these
PH. HARTL, W. SCHOELLER. and K.-H. THIEL In AGARD Efficient applications. Since that date the two systems (ADSEL/DABS) have
Conduct of Individual Flights and Air Traffic or Optimum Utilization led to the emergence of secondary surveillance radar (SSR) Mode
of Modern Technology for the Overall Benefit of Civil and Military S which is now being standardized for international use. Here, a
Airspace Users 18 p (SEE N87-21881 15-04) Dec. 1986 brief description is given of the Mode S data link characteristics.
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 A number of the applications proposed in 1979 are recalled and

Due to various reasons the interest in the practical use of the the results of studies conducted subsequently on such topics as
Global Positioning System (GPS) has considerably increased during the controller/pilot interfaces with the link and machine/machine
the last two years. The test phase has demonstrated its outstanding data interchanges and their possible benefits to air traffic control
performance. With the differential method the relative accuracies (ATC) are given. Plans are discussed for more extensive data link
achieve values that open its use even for the precision approach evaluations. The initial steps that could be taken in progressing
of aircraft landing. The development of new techniques also allows from today's situation towards a system of control employing a
3-dimensional attitude measurement and angular rate determi- high level of automation are proposed. Author
nation. Diverse civilian groups will use GPS in the future;
in particular motor car drivers. geodesists, civil engineers etc. The N87-21891# Federal Aviation Administration. Atlantic City, NJ.
present state of development and various practical applications Technical Center.
are discussed. Author MICROWAVE LANDING SYSTEM (MLS) AREA NAVIGATION:

COMPUTED CENTERLINE EXPERIMENTS AND SYSTEM
ACCURACY ANALYSIS IN AN RF ENVIRONMENT

N87-21885# Societe d'Applications Generales d'Electricite at JAMES H. REMER and BARRY R. BILLMANN In AGARD Efficient
de Mecanique, Paris (France). Dept. Aeronautique. Conduct of Individual Flights and Air Traffic or Optimum Utilization
INERTIAL-GPS: A MARRIAGE OF REASON, AN ANALYSIS of Modern Technology for the Overall Benefit of Civil and Military
(INERTIE-GPS: UN MARIAGE DE RAISON - A L'ESSAI) Airspace Users 17 p (SEE N87-21881 15-04) Dec. 1986
P. LLORET and B. CAPIT In AGARD Efficient Conduct of Individual (AGARD-CP-410) Avail: NTIS HC A15/MF A01
Flights and Air Traffic or Optimum Utilization of Modern Technology By definition of the International Civil Aviation Organization
for the Overall Benefit of Civil and Military Airspace Users 23 p (ICAO) Standards and Recommended Practices (SARPS) the Time
(SEE N87-21881 15-04) Dec. 1986 In FRENCH Reference Scanning Beam (TRSB) Microwave Landing System
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 (MLS) will supplant the existing Instrument Landing System (ILS)

The coupling of inertial navigation methods with the Global as the recognized international standard as early as 1995. Among
Posiioning System (GPS) is examined. The characteristics of numerous other advantages, the MLS provides the ability to
various types of inertial systems are reviewed and past attempts determine the aircraft's position in three dimensional space over
at inertial/radionavigation hybridizations including those with multi- a large coverage volume in the airport terminal area. The use of
and VOR-DME (VHF omnidirectional range - distance measuring this capability to navigate and execute approaches throughout this
equipment), Transit, OMEGA, ILS (instrument landing systems), volume of coverage results from the application of a technique
and altitude correlation are discussed. The possible configurations known as Microwave Landing System Area Navigation (MI.S
for an inertial/GPS systems, given the type (classical platform RNAV). Applications of MLS RNAV can be as simple as executing
and strap-down) and classes of inertial designs and the number approaches offset from but parallel to the MLS 0 azimuth or as
of GPS channels utilized, are defined and performance complex as multi-segment and curved path approaches. MLS RNAV
characteristics are outlined for each. Simulation and in-flight studies is particularly adaptable to helicopter operations, It allows
of prototype systems are discussed. Signal properties and Kalman approaches to heliports located away from the main instrumented
filtering are addressed. Finally, perspectives on the continuing runway. In order to assess and further develop the potential
development of inertial/GPS hybrid systems are offered. M.G. capabilities of MLS RNAV, the FAA Technical Center has

undertaken the task of performing analytical studies, as well as
the development of a prototype MLS RNAV system. Applications

N87-2186# Aeronautical Radio, Inc., Annapolis. MD. Engineering of this system to helicopter operations are particularly being
Deplf emphasized. The unique feature of this work is that besides the
COMMUNICATION, NAVIGATION AND SURVEILLANCE onboard data acquisition systems, an independent source of
SERVICES FOR THE AVIATION INDUSTRY USING position information was, at times, available for comparison. The
SATELLITE TECHNOLOGY source was independent position tracking in the form of laser or
R. A. PICKENS In AGARD Efficient Conduct of Individual Flights radar data. The work reviewed here should have immediate
and Air Traffice or Optimum Utilization of Modern Technology for application in the development of MLS RNAV Terminal Area
the Overall Benefit of Civil and Military Airspace Users 4 p (SEE Instrument Approach Procedures (TERPS). Author
N87-21881 15-04) Dec. 1986
(AGARD-CP-410) Avail: NTIS HC Al5/MF A01 N87-21892# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich

A general historical survey of Communication Navigation, and (Germany, F.R.). Helipcopter and Military Aircraft Group.
Surveillance (CNS) services for the aviation industry using satellite MILS: ITS TECHNICAL FEATURES AND OPERATIONAL
technology is given. Aeronautical Radio, Inc's (ARINO) air-ground CAPABILITIES
communications services, which consist of VHF voice and data R. SEIFERT In AGARD Efficient Conduct of Individual Flights
transfer services, and HF voice communications are discussed. and Air Traffic or Optimum Utilization of Modern Technology for
ARINC's implementation of an integrated satellite system and the Overall Benefit of Civil and Military Airspace Users 10 p (SEE
companion integrated avionics to provide air traffic control, N87-21881 15-04) Dec. 1986
company operational control, navigation capability for enroute (AGARD-CP-410) Avail: NTIS HC A15/MF A01
operations, and support for cooperative operations is discussed. Taking into account present developments in guidance and

RJ.F. control automation in the airplane cockpit as well as in Air Traffic
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Control (ATC) systems, the following aspects of the Instrument profiles flown with the aid of advisories have verified the ability to
Landing System/Microwave Landing System (fILS/MLS) are meet specified descent times with prescribed accuracy. Author
analyzed and presented: (1) the complexity of MLS approach
procedures and function allocation to ATC and aircraft; (2) cockpit N87-21896# Federal Aviation Administration. Washington. DC,
automation and presentation of MLS approach information; and Systems Engineering Service.
(3) aspects of all weather approach and landing with military PHILOSOPHY OF APPLYING AUTOMATION TO AIR TRAFFIC
aircraft. Author CONTROL

LELAND F. PAGE In AGARD Efficient Conduct of Indvidual
N87-21893# National Aeronautics and Space Administration Flights and Air Traffic or Optimum Utilization of Modern Technology
Langley Research Center. Hampton. VA. for the Overall Benefit of Civil and Military Airspace Users 3 p
ADVANCED ATC: AN AIRCRAFT PERSPECTIVE (SEE N87-21881 15-04) Dec. 1986
LEONARD CREDEUR. DAVID H. WILLIAMS. WILLIAM E. (AGARD-CP-410) Avail: NTIS HC A15/MF AOl
HOWELL, and CARY R. SPITZER In AGARD Efficient Conduct The objectives of the U.S. program for applying automation to
of Individual Flights and Air Traffic or Optimum Utilization of Modern air traffic control systems, progress thus far. and plans for the
Technology for the Overall Benefit of Civil and Military Airspace future are discussed. Since the sime in 1958 when computers
Users 14 p (SEE N87-21881 15-04) Dec. 1986 Previously were first used to print flight strips in the United States at a small
announced in IAA as A86.49637 number of air traffic control (ATC) centers, it has been a continuing
(AGARD-CP-410) Avail: NTIS HC A15/MF AOt CSCL 17G objective to capitalize on the rapidly evolving computer technologies

The pnncrpal operational improvements desired by commercial to improve the ATC system. Specific objectives have been to
aircraft operators in the United States are efficient aircraft apply computers and the associated automation functions to:
operations and delay reductions at the major terminals. Efforts improve safety of ATC operations increase the efficiency of traffic
underway within the Advanced Transport Operating Systems management: and increase the productivity of ATC controllers
Program at the Langley Research Center to provide a technology Author
basis for reducing delay while improving aircraft efficiency are
discussed. The principal thrust is the development of time-based N87-21897# Deutsche Forschungs- und Versuchsanstalt fuer
traffic control concepts which could be used within the framework Luff- und Raumfahrt. Brunswick (Germany, F.R.). Inst fuer
of the upgraded National Airspace System and which would allow Flugfuehrung.

conventionally equipped aircraft to operate in a manner compatible COMPUTER ASSISTED ARRIVAL SEQUENCING AND
with advanced aircraft. Author SCHEDULING WITH THE COMPAS SYSTEM

U. VOELCKERS In AGARD Efficient Conduct of Individual Flights
N87-21894# Consiglio Nazionale delle Ricerche. Rome (Italy). and Air Traffic or Optimum Utilization of Modern Technology for
Progetto Finalizzato Trasporti and Istituto di Analisis dei Sistemi the Overall Benefit of Civil and Military Airspace Users 11 p (SEE
ed Informatica. N87-21881 15-04) Dec 1986
STRATEGIC CONTROL TO IMPROVE EFFICIENCY OF AIR (AGARD-CP-410) Avail: NTIS HC A15/MF A0t
TRAFFIC MANAGEMENT The Computer Onented Metering Planning and Advisory System
LUCIG BIANCO In AGARD Efficient Conduct of Individual Flights (COMPAS) developed at the DFVLR-Institute for Flight Guidance
and Air Traffic or Optimum Utilization of Modern Technology for was tested and evaluated at the institute's air traffic simulation
the Overall Benefit of Civil and Military Airspace Users 10 p (SEE facility, using traffic scenarios of Frankfurt airport with up to 52
N87-21881 15-04) Dec. 1986 aircraft movements simultaneously. The operational objectives of
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 the COMPAS-system are, with regard to Frankfurt airport, to achieve

The strategic control concept, intended as a new management the best possible usage of the available but limited runway landing
philosophy that can improve efficiency of Air Traffic Control (ATC) capacity, to avoid unnecessary delays and to apply economic
systems, is discussed. After having introduced a classification of approach profiles whenever possible. The planning functions which
the different ATC functions based on a multilevel scheme, strategic today are still carried out by human controllers will be transferred
control is decomposed in a hierarchy of sub-functions to a computer It generates a comprehensive plan for a best
Subsequently. the on-line strategic control of flights is considered overall arrival sequence and schedule. The execution of this plan,
and the mathematical aspects of this problem are illustrated. Then however, intentionally remains the task of the human controllers
the structure of a real time solution algorithm, proposed in a They are provided with all data necessary to control the
previous work, and a possible scheme of route-time profile approaching aircraft The systems concept, the dynamic planning
generation are reported. Finally, computational efficiency of the algorithms as well as the operational concept for computer
proposed approach is discussed Author assistance and the man-machine interface are presented Some

preliminary results of the experiments and evaluation are
N87-21895*# National Aeronautics and Space Administration reported. Author
Ames Research Center, Moffett Field. CA.
A TIME-BASED CONCEPT FOR TERMINAL-AREA TRAFFIC N87-21898# Eurocontrol Agency, Brussels (Belgium)
MANAGEMENT NEXT GENERATION OF CONTROL TECHNIQUES IN
HEINZ ERZBERGER and LEONARD TOBIAS In AGARD Efficient ADVANCED TMA
Conduct of Individual Flights and Air Traffic or Optimum Utilization ANDRE BENOIT, SIP SWIERSTRA. and RENE DEWISPELAERE
of Modern Technology for the Overall Benefit of Civil and Military In AGARD Efficient Conduct of Individual Flights and Air Traffic or
Airspace Users 14 p (SEE N87-21881 15-04) Dec. 1986 Optimum Utilization of Modern Technology for the Overall Benefit
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 CSCL 17G of Civil and Military Airspace Users 31 p (SEE N87-21881 15-04)

An automated air-traffic-management concept that has the Dec. 1986
potential for significantly increasing the efficiency of traffic flows (AGARD-CP-410) Avail: NTIS HC Al5/MF AOl
in high-density terminal areas is discussed. The concepts It is very likely that any future concept to be used for the safe
implementation depends on techniques for controlling the landing and efficient conduct of air traffic (in terms of expedition. economy
time of all aircraft entering the terminal area. both those that are and capacity) wilt exhibit two essential, closely interrelated
equipped with on-board four-dimensional (40) guidance systems components. Firstly, the on-line management of air traffic over a
as well as those aircraft types that are conventionally equipped large area - from a Zone of Convergence type to a continental
The two major ground-based elements of the system are a coverage - will generate the landing and departure times for each
scheduL'r which assigns conflict-free landing times and a profile aircraft entering the area, while at the same time defining the
descent advisor. Landing time provided by the scheduler is uplinked essential characteristics of the relevant flight paths. Secondly, an
to equipped aircraft and translated into the appropriate 40 trajectory operational control procedure will be required to conduct each
by the-board flight-management system The controller issues individual flight accurately throughout the area, that is to say, in
descent advisories to unequipped aircraft to help them achieve the case of a Zone of Convergence, from entry to touchdown, in
the assigned landing times. Air traffic control simulations have agreement wrth the air traffic management directives and in line
established that the concept provides an efficient method for with operational practice (onboard and on the ground) The
controlling various mixes or 40-equipped and unequipped, as well essential operational features of a control procedure suitable to
as low- and high-performance, aircraft Piloted simulations of meet the above constraints while ensuring a t0-second accuracy
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:r the time ot arrival as predicted initially at entry into the zone compared with that stored as hard-copy or in some other machine,
(and possibly amended subsequently). for current air carners in The check word might consist of four alpha characters which can
present R/T or future D/L communications environments are easily be remembered and passed b' voice. Possible algorithms
outlined. Author for generating check-words are discussed. The results of some

laboratory trials of a prototype system are given. Author
N87-2199# Smiths Industnes Ltd., Bishops Cteeve (England).
Engineenng Dept.
EXPLOITING THE CAPABILITIES OF FLIGHT MANAGEMENT N87-21904# Civil Aviation Authority, London (England).
SYSTEMS IN SOLVING THE AIRPORT ARRIVAL PROBLEM THE APPLICATION OF INTELLIGENT KNOWLEDGE BASED
J. F MEREDITH In AGARD Efficient Conduct of Individual Flights SYSTEMS TO AIR TRAFFIC CONTROL
and Air Traffic or Optimum Utilization of Modern Technology for W. S. NICOL. G. C. DEAN, A. JACKSON and W. A. STRETTON
the Overall Benefit of Civil and Military Airspace Users 10 p (SEE (Royal Signals and Radar Establishment, Malvern. England ) In
N87-21881 15-04) Dec. 1986 AGARD Efficient Conduct of Individual Flights and Air Traffic or
(AGARD-CP-410) Avail: NTIS HC A15/MF AOl Optimum Utilization of Modern Technology for the Overall Benefit

Increasingly Flight Management Computers are becoming of Civil and Military Airspace Users 9 p (SEE N87-21881 15-04)
standard fit on present day passenger aircraft (737-300, 757. 767, Dec. 1986
A310, A300-600). Avionic update programs which incorporate Flight (AGARD-CP-410) Avail: NTIS HC A15/MF A0t
Management Computers are in hand for 747 and MD 80 and new The need to explore the approach of Intelligent Knowledge
aircraft programs A320. MD 11. 7J7. A330 and A340 are or are Based Systems (IKBS) towards meeting the pressures for change
likely to include Flight Management Computing as standard fit. As in future air traffic control systems is -Iscussed. The discussion
these aircraft come to dominate the traffic entering and leaving includes the role of automation in air traffic control (ATC) and the
major airports there is potentially a new level of information and suitability of IKBS within a shared approach between controller
of control available to the air traffic controllers whose task it is to and machine. Areas selected to provide practical experience of
schedule the aircraft flow into and out of the terminal area. This IKBS applied to ATC include air traffic flow management and
information flow and the consequent control actions should enable conflict resolution and training, Finally, guideline concepts for the
the traffic to be handled in a manner to minimize delay, thus introduction of a new technology to ATC are outlined. Author
enhancing the available traffic handling capacity of an airport.

Author

N87-23608# Advisory Group for Aerospace Research and
N87-21900# Naval Air Development Conter. Warminster. PA. Development, Neuilly-Sur-Seine (France). Guidance and Control
APPLICATION OF FLIGHT PERFORMANCE ADVISORY Panel.
SYSTEMS TO US NAVY AIRCRAFT EFFICIENT CONDUCT OF INDIVIDUAL FLIGHTS AND AIR
M. J FRIEDMAN. L. J. COWLES. and R C. CARSON. JR. In TRAFFIC OR OPTIMUM UTILIZATION OF MODERN
AGARD Efficient Conduct of Individual Flights and Air Traffic or TECHNOLOGY FOR THE OVERALL BENEFIT OF CIVIL AND
Optimum Utilization of Modern Technology for the Overall Benefit MILITARY AIRSPACE USERS
of Civil and Military Airspace Users 14 p (SEE N87-21881 15-04) BERNARDO FURCOLO 1987 16 p Proceedings of the 42d
Dec. 1986 Symposium of the Guidance and Control Panel of AGARD,
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 Brussels, Belgium, 10-13 Jun. 1986

The U.S. Navy, in its Aircraft Energy Conservation Research (AGARD-AR-236; AD-At82145) Avail: NTIS HC A02/MF A01
and Development Program, is currently investigating various The AGARD C 'lance and Control Panel 42nd Symposium
methods for improving the fuel efficiency of existing and future was held in Brus. Belgium. from 10 to 13 June 1986. The
Navy aircraft. Fuel saving concepts under development include program presented at the symposium is appended to this report,
an aircraft integrated flight performance advisory system, a pre-flight arid the Conference Proceedings are published separately
mission planning program utilizing a desk type computer and an Author
aircraft performance advisory system using an HP-41 CV hand-held
calculator. The integrated flight performance advisory system for
the F/A-18, the A-7E. and the S-3 are described in detail by
reviewing the displayed outputs to the pilots and describing the N87-29474# Advisory Group for Aerospace Research and

required inputs and their sources. Features of each aircraft system Development, Neuilly-Sur-Seine (France). Guidance and Control

are described in accordance with the development status of the Panel.
program, The preflight mission planning program utilizing an ADVANCES IN GUIDANCE AND CONTROL SYSTEMS AND
HP-9845 desktop computer is described for the P-3C aircraft. The TECHNOLOGY

approach to weather, takeoff and cruise are described by specifying Jul. 1987 146 p Symposium held in London. England. 7-10

the input and output data. Sample displays are also shown. The Oct. 1986 Original contains color illustrations
hand-held HP-41 CV calculator utilized for flight performance (AGARD-CP-41 1; ISBN-92-835-0421-6: AD-At91464) Avail:

predictions is described for the P-3C. All the calculator functions NTIS HC A07/MF AOl

are described for the takeoff and cruise flight modes of this aircraft. Papers were presented under the following headings target
The operational status of these three programs and plans for and terrain sensors; aircraft state sensors; force and moment

other Navy aircraft are also specified. Author generators; guidance and control algorithms: and integrated
systems. For individual titles, see N87-29475 through N87-29484

N87-21903# Royal Signals and Radar Establishment, Malvern
(England).
SEMI-AUTOMATIC CROSS-CHECKING BETWEEN DIFFERENT N87-29477# Army Avionics Research and Development Activity.
COPIES OF THE SAME FLIGHT PLAN Fort Monmouth, NJ.
S. RATCLIFFE In AGARO Efficient Conduct of Individual Flights VELOCITY ACCURACY MEASUREMENT OF GPS USER
and Air Traffic or Optimum Utilization of Modern Technology for EQUIPMENT
the Overall Benefit of Civil and Military Airspace Users 7 p (SEE JOSEPH MCGOWAN In AGARD. Advances in Guidance and
N87-21881 15-04) Dec. 1986 Control Systems and Technology 17 p (SEE N87-29474 24-04)
(AGARD-CP-410) Avail: NTIS HC A15/MF A01 Jul. 1987

A flight-plan usually exists in several different forms in the (AGARD-CP-411) Avail: NTIS HC A07/MF A01
aircraft flight management system as hard copy on the flight-deck, A test program conducted by the U.S. Army Avionics Research
in one or more Air Traffic Control/(ATC) data processors, and and Development Activity (AVRADA) to determine the level of
distributed over flight-progress strips (or their electronic equivalents) velocity accuracy achievable with Global Positioning System (GPS)
in one or more control centers. Any discrepancies between various is described. The precision of the reference instrumentation and
versions of the plan are potentially hazardous. Given that the the availability of the GPS rncever measurement data were
flight plan is already stored, for one reason or another, in at least exploited to characterize the errors in GPS observwves. An
one computer, it is proposed that each computer should also be investigation into the performance benefits of GPS and inertial
used to generate a check word which can easily and rapidly be integration is described Author
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N$7-29480# Honeywell Advanced Technology Centre, North into congested airports, The rationale for the design of a rule
York (Ontario). based system and the critical requirements for the development
CONFIGURATION DESIGN OF A HELICOPTER INTEGRATED of a rule based system for application to air traffic control are
NAVIGATION SYSTEM discussed. The system uses the OPS5 production system and is
S I FINGEROTE. D 8 REID. D. F LIANG, L VALLOT. C programmed in FRANZ LISP with embedded C functions. The
GREENE, and J. MAHESH (Honeywell Systems and Research system stil has limited capabilities. Author
Center, Minneapolis, Minn.) In AGARD. Advances in Guidance
and Control Systems and Technology 9 p (SEE N87-29474 N89-10874# Advisory Group for Aerospace Research and
24-04) Jul 1987 Development, Neuilli-Sur-Seme (France). Avionics Panel
(AGARD-CP-4 11) Avail NTIS HC A07/MF A01 THE NAVSTAR GPS SYSTEM

Results are presented from the configuration performance study Sep. 1988 141 p Lecture series held in Wessling, West Germany,
phase of the Helicopter Integrated Navigation System project A 19-20 Sep. 1988. in Athens. Greece. 22-23 Sep. 1988. in Ankara,
configuration assessment is presented including processor Turkey. 26-27 Sep. 1988, and in Lisbon, Portugal 29-30 Sep.
selection. and a discussion of system architecture and configuration 1988
tradeoffs leading to a recommended configuration. Results of the (AGARD-LS-161; ISBN-92-835-0477-1; AD.At99829) Avail: NTIS
system error analysis and the Kalman filter design are presented HC A07/MF A0t
demonstrating integrated system performance. Author A comprehensive and up-to-date lecture series on the

NAVSTAR GPS System is presented. Among the subjects covered
N87-29481# Litton Technische Werke. Freiburg (Germany. are the system concept, navigation principles, system design, user
F.R I applications, and techniques involved. The lectures are a balanced
NAVIGATION SYSTEMS FOR THE NEW GENERATION OF presentation of theory, application, and measured performance
COMBAT AND TRANSPORT HELICOPTERS AND ASSOCIATED For indivdual titles, see N89-10875 through N89-10884.
FLIGHT TESTS
W HASSENPFLUG and M BAEUMKER In AGARD, Advances N89-10875# Aerospace Corp., El Segundo, CA.
in Guidance and Control Systems and Technology 22 p (SEE THE GPS OVERVIEW AND NAVIGATION SYSTEM CONCEPT
N87-29474 24-04) Jul. 1987 EDWARD LASSITER and MOHAN ANANDA In AGARD, The

(AGARD-CP-411) Avail: NTIS HC A07/MF A0t NAVSTAR GPS System 13 p (SEE N89-10874 02-04) Sep
An integrated strapdown inertial helicopter navigator which is 1988

augmented by a Doppler velocity sensor and a magnetometer is (AGARD-LS-161) Avail: NTIS HC A07/MF A01
described. A radar altimeter is used to obtain height above ground The Global Positioning System (GPS) objective for both military
Accurate weapon delivery requirements and flight safety aspects and civil applications and the historical evolutions of the SPS are
while operating the helicopter under adverse weather conditions presented. The GPS concept validation phase full-scale

and at night demand the accurate determination of TAS throughout engineering developments, system test phase and operational
the entire speed regime. Besides position, velocity, and attitude, system phase are described. The fundamental principles of the
the strapdown system provides angular rates for stability GPS concept are briefly reviewed The GPS radiometric
augmentation and linear accelerations in bodyframe coordinates, measurements of pseudo-range and accumulated delta range and
inertial altitude and vertical speed from the Doppler velocity sensor how these measurements are used in forming the navigation
and the baro-inertial loop as well The system communicates with equations to solve for the user position parameters are described
the other avionics on board the helicopter through a duel MIL-STD The current program status and future plans for System
1553B bus and for redundancy purposes through an ARINC 429 enhancements are outlined Author
interface with the AFCS Flight tests were performed to demonstrate
the navigation capability and performance of a Doppler and Ilux N89-10876# Aerospace Corp, El Segundo, CA.
valve augmented strapdown navigator, a new analytical true air THE GLOBAL POSITIONING SYSTEM (GPS) CONSTELLATION
speed system for the low speed regime and the performance of AND COVERAGE
a strapdown magnetometer The navigation performance was MOHAN ANANDA In AGARD, The NAVSTAR GPS System 17
venrfied in three different helicopters, a BO-105, a CH-53. and a p (SEE N89-10874 02-04) Sep 1988
Gazelle Author (AGARD-LS-161) Avail NTIS HC A07/MF A01

The NAVSTAR Global Positioning System (GPS) is a
NOS-10810# Carleton Univ. Ottawa (Ontano) Dept of System space-based system that will be operational in 1990 and will enable
and Computer Engineering a user to determine position, velocity, and time with greater
AN EXPERT SYSTEM FOR AIRCRAFT CONFLICT RESOLUTION accuracy on a worldwide basis that it had ever achieved he
IN DENSE AIRSPACES GPS is currently undergoing full-scale engineering development
B A BOWEN In AGARD. Knowledge Based Concepts and and testing. The test constellation and available coverage tor
Arthcial Intelligence. Applications to Guidance and Control t 3 p testing the various system segments are reviewed Also discussed
(SEE N88-10806 02-08) Aug. 1987 Sponsored by Transport is the 18-. 21-. and 24-satellite operational constellatuns The
Canada current baseline constellation consists of 18 satellites with three
(AGARD-LS-155) Avail: NTIS HC A07/MF A01 active spare satellites. The concept of constellation value and

A hybrid, knowledge-based system is described which provides various dilution-of-precision parameters due to geometry are
advice to air traffic controllers on the optimal tactics for resolving discussed, such as geometrical dilution of precision (GDOP) and
predicted aircraft conflicts The overall functional architecture is position dilution of precision (PDOP) The constellation design
described which has both computational algorithms and rle bases issues related to minimizing the reduced accuracy regions due to
containing the knowledge and experience of controllers in the air geometry problems are also reviewed Coverage maps over the
traffic environment. The system is designed to replicate the way globe are presented for the test constellation, as well as for the
a controller might react to a predicted conflict. It responds to operational constellations. Author
conflict predictions with resolution advice, which depends on both
formal rules and on heunstrcs obtained from controllers. Author N$9-10877# Aerospace Corp., El Segundo. CA

THE GLOBAL POSITIONING SYSTEM (GPS) ACCURACY,
NO8-10815# Deutsche Forschungs- und Versuchsanstalt fuer SYSTEM ERROR BUDGET. SPACE AND CONTROL SEGMENT
Luft- und Raumfahrt. Brunswick (Germany, F R.) Inst fuer OVERVIEW
Flugfuehrung. MOHAN ANANDA In AGARD. The NAVSTAR GPS System 17
A RULE-BASED SYSTEM FOR ARRIVAL SEQUENCING AND p (SEE N89-10874 02-04) Sep 1998
SCHEDULING IN AIR TRAFFIC CONTROL (AGARD-LS-161) Avail NTIS HC A07/MF A01
U VOELCKERS in AGARD, Knowledge Based Concepts and The NAVSTAR Global Positioning System is a space-based
Artificial Intelligence: Applications to Gurdance and Control 12 p navigation system that will provide continuous, all weather, global
(SEE N88-10806 02-08) Aug. 1987 navigation capability to properly equipped users with high accuracy
(AGARD-LS-155) Avail: NTIS HC A07/MF A01 The positon, velocity, and time accuracy that can be achieved by

A rule based system is presented that is designed to assist a user of the GPS are discussed. The system accurary wIl be
human controllers in efficiently merging high density inbound traffic examined in light of the Geometric Dilution of Precision parameter
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and measurement error. Also reviewed is the system error budget atomic clock; use of altitude hold or mean sea level information,
for the three subsystem segments: space, control, and user. A and integration of GPS/Transt/LORAN-C and/or Omega.
discussion of the user range error (URE) and its relationship to Author
three-dimensional position error expressed in spherical error
probable (SEP) and horizontal position error expressed in circular N89-110862# Air Force Space Div, Los Angeles, CA.
error probable (CEP) is presented. The role of the World Geodetic CIVIL AND MILITARY APPLICATIONS OF GPS
system reference frame in the GPS is discussed. A brief overview HANS J. KUNZE In AGARD, The NAVSTAR GPS System 19 p
of space and control systems is also presented. Author (SEE N89-10874 02-04) Sep. 1988

(AGARD-LS-161) Avail: NTIS HC A07/MF A01
N89-10878# Naval Materiel Command, Haakonsvern (Norway). The objectives are to give an overview of military and civil
GPS SIGNAL STRUCTURE applications of the NAVSTAR Global Positioning System (GPS],
PER W. NIEUWEJAAR In AGARD. The NAVSTAR GPS System to discuss the resulting senefits for the users. and to present a
6 p (SEE N89-10874 02-04) Sep. 1988 planned system development that will provide the user community
(AGARD-LS-161) Avail: NTIS HC A071MF A01 with the GPS information, such as overall system status or satellite

The characteristics of the Global Positioning System (GPS) data. required for their mission. Author
signal structure, frequencies, codes, and navigation-message are
described. The content of the navigation-message and the user N89-10883# TAU Corp., Los Gatos. CA.

algonthms associated with the navigation-message are described DIFFERENTIAL OPERATION OF NAVSTAR GPS FOR
in some detail. Author ENHANCED ACCURACY

ROBERT P. DENARO and RUDOLPH M KALAFUS In AGARD,
N89-10879# Air Force Space Div., Los Angeles, CA. GPS The NAVSTAR GPS System 18 p (SEE N89-10874 02-04) Sep,

Joint Program Office. 1988

USER EQUIPMENT OVERVIEW (AGARD-LS-161) Avail: NTIS HC A07/MF A01

ELIO BOTTARI In AGARD, The NAVSTAR GPS System 11 p The NAVSTAR Global Positioning System has demonstrated

(SEE N89-10874 02-04) Sep. 1988 impressive absolute accuracy in tests and operational use Most
(AGARD-LS-161) Avail: NTIS HC A07/MF A01 applications will benefit from the increased accuracy afforded by

The Global Positioning System (GPS) includes all the hardware GPS over conventional systems. However. many applications
and software needed to determine the user's position, velocity, require even better accuracy than GPS can provide in It"
time data, and other derived parameters, as required. Additionally, stand-alone mode. Differential GPS is a practical solution in many
the GPS User System can be integrated with other navigation situations. The subject of differential GPS is fulnSmentally a simple

systems to provide accurate navigation under severe dynamics concept, but implementation details can be more complex, and
and hostile environmental conditions. During the development handling of all cases takes special cai - to achieve continuously

phase, various classes of users were defined based on user reliable results. The concept and objective of differential GPS is

requirements and characteristics such as desired accuracy, user covered, and a methodology for implementation presented

maneuvering, antijamming capability, and cost. The application of Example test results are presented which validate the potentia: of

GPS user equipment (UE) in vanous types of host vehicles, used differential GPS. Author

under a wide variety of operational conditions, has led to the
development of three types of UE sets: LD Low Dynamic (one N89-10884# TAU Corp.. Los Gatos, CA

channel); MD - Medium Dynamic (two channels); and HD = GPS NAVIGATION PROCESSING AND KALMAN FILTERING

High Dynamic (four or more channels), A brief description of GPS ROBERT P DENARO and PETER V. W. LOOMIS In AGARD.
signals is given to better describe the functions and operating Ihe NAVSTAR GPS System 9 p (SEE N89-10874 02-04 Sep

concept of user equipment. Author 1988
(AGARD-LS-161) Avail: NTIS HC A07/MF A01

N89-10880# TAL Corp., Los Gatos, CA. The processing of Global Positioning System (GPS) signals is

GPS)INTERNAL NAVIGATION SYSTEM INTEGRATION a complex process of dealing with two observables, the range
FOR ENHANCED NAVIGATION PERFORMANCE AND and the Doppler of the signal This provides opportunities for
ROBUSTNESS substantial sophistication in processing techniques in the tracking
ROBERT P. DENARO and G JEFFREY GEIER In AGARD, The loops. and later in the navigation processing ot the Kalman filter
NAVSTAR GPS System 12 p (SEE N89-10874 02-04) Sep or other filter, In total, the combination of techniques is a closely
1988 interrelated set of algorithms that provide near-optimum
IAGARD-LS-161 Avail; NTIS HC A07/MF A01 performance Author

The emergence of the Global Positioning System (GPS) from
the laboratory and the test range into the operational environment,
with affordable. high-performance receivers now available, has 05
heralded a widespread study of the integration of GPS with the
current standard in precise positioning, inertial navigation systems. AIRCRAFT DESIGN, TESTING AND
Once considered by some to be a potential competitor of inertial
navigation, GPS is now recognized by most navigation system PERFORMANCE
developers as having tremendous potential for system performance
improvement over either system in isolation by integrating with Includes aircraft simulation technology
inertial systems. So powerful is this synergism that deep integration
of the two systems often dictates potential major design
modifications in the inertial measurement unit (IMU) as well as N86-27276# Advisory Group for Aerospace Research and
the GPS receiver. These design modifications are necessary to Development. Neuilly-Sur-Seine (France) Structures and Materials
exploit the performance potential to the maximum. particularly in Panel.
the military envirorment, and at the same time to realize substantial COMBAT LOADS ON MODERN FIGHTERS
cost savings in the system as an additional benefit. Author Feb. 1986 21 p

(AGARD-R-730; ISBN-92-835-1518-8, AD-A167593) Avail NTIS
N89-10881# Naval Materiel Command. Haakonsvern (Norway) HC A02/MF A01
AIDING AND INTEGRATION OF A GPS RECEIVER A number of factors which influence the selection of design
PER W NIEUWEJAAR In AGARD, The NAVSTAR GPS System cases are examined in the tight of modern fighter usage and
10 p (S-E N89-10874 02-04) Sep. 1988 modern technologies that are available, or will soon be available
IAGARD-LS-161) Avail: NTIS HC A07/MF A01 It was found that pilots fly fighters very differently than was the

The need for receiver aiding due to contingencies such as norm for the period of time when most design criteria specifications
satellite outages, lamming, and terrain masking is described, were written, largely because the environment created by today's
Alternative aiding methods are also described, such as: integration defection systems and weapons is very different than it was then.
of GPS/INS or Attitude Heading Reference System (AHRS); It was found that as technology advvnces. such advanced
integration of GPS and baro-altimeter; integration of GPS and composite construction and fly-by-wire control systems make it
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possible to tailor the configuration to achieve a maneuvering aerodynamic performance, engine compartment cooling, and
capability previously unattainable. tt is concluded that the method exhaust ejector system: and lastly, engine bleed air extraction as
of selecting design cases need to be updated. Available methods it relates to environmental control systems and the trade studies
for predicting loads for new, more complex design cases are associated with same. These subsystems are discussed in terms
discussed No firm recommendations can be made, but a number of basic design guidelines, interaction with other helicopter
of suggestions are made which, it iS hoped, will contribute to subsystems, system trade studies, and first order analytical design
fruitful future consideration of the problems discussed Author approaches adequate for preliminary design purposes. Author

N86-30726# Advisory Group for herospace Research and N87-10069# Pisa Univ. (Italy) Dipt. de Energetica
Development, Neuilly-Sur-Seine (France) Structures and Materials ENGINE-TRANSMISSION-STRUCTURAL AIRFRAME MEMBERS
Panel COMPATIBILITY
THE INFLUENCE OF LARGE-SCALE COMPUTING ON D DINI In AGARD Engine-Airframe Integration for Rotorcrat 33
AIRCRAFT STRUCTURAL DESIGN p (SEE N87-10067 01-05) May 1986
Apr 1986 67 p (AGARD-LS-148) Avail: NTIS HC A08/MF A01
(AGARD-R-726, ISBN92-835-1522-6; AD-A171306) Avail NTIS The sophistication of current turbine-powered helicopters have
HC A04/MF A01 introduced many new problems involving the compatibility of the

An outcome of the AGARD Working Group on Large Scale major multidegree of freedom systems rotor, control, airframe,
Computing was the institution by the Structures and Materials Panel drive train, and powerplant. The solutions to the various problems
of a Sub-Commitiee to consider this topic in relation to Aircraft were obtained from the application of basic engineering principles
Structural design The publication contains papers on various Engine installation is described in the helicopter, particularly the

aspects of the topic heard by the Sub-Committee plus a summary A-129, ie, power plant attachment, oil cooling system. engine
These cover likely developments in both soft- and hardware, and control and monitoring, electric starting system, location of
their applications to the Design process. This Report was sponsored components and leading particulars, and anti-vibration devices
by the Structures and Matenals Panel of AGARD Author The design of the transmission system is dictated by the

configuration of the helicopter. An aerodynamic analysis is
N86-30727# Advisory Group for Aerospace Research and conducted on the helicopter mission in order to obtain complete
Development, Neuilly-Sur-Seine (France). Flight Mechanics spectra of the rotor loads and moments as well as the maneuver
Panel. loads and transient for maximum transmission reliability The

STORE SEPARATION FLIGHT TESTING application of fiber reinforced resin composites to selected areas
R. J. ARNOLD. C. S, EPSTEIN. and R. K. BOGUE, ed. Apr. of the helicopter drive system will produce weight and cost savings
1986 161 p as well as improvements in reliability and safety These
(AGARD-AG-300-VOL-5; ISBN92.835.152?-4; AD-At71301) improvements which were demonstrated in airframe applications
Avail NTIS HC A08/MF A0t can be transferred to structural components in the drive system.

This volume in the AGARD Flight Test Techniques Series treats with high weight saving Author
stores separation testing from the overall systems standpoint All
aspects of testing are described ftem the time of identification of N87-10070# Rolls-Royce Ltd. Waltford (England)
a particular aircraft/store requirement through all steps leading to IMPACT OF IPS AND IRS CONFIGURATIONS ON ENGINE
the establishment of a satisfactory employment envelope. INSTALLATION DESIGN
Considerable emphasis is placed on the planning and execution J R. BALLARD In AGARD Engine-Airframe Integration for
of the flight test phase of the stores clearance program. including Rotorcraft 14 p (SEE N67-10067 01-05) May 1986
the definition of a basic structure, and a set of procedures which (AGARD-LS-f48) Avail: NTIS HC A08/MF A01
will maximize the safe and efficient execution of such a program. Helicopters operate in a variety of roles many of which pose

Author severe problems to the engine due to ingestion ol sand, ice, salt.

N87-10067# Advisory Group for Aerospace Research and and other foreign objects. It is possible to design a compromise

Development, Neuilly-Sur-Seine (France). Propulsion and engine intake which combats all these hazards to a limited degree

Energetics Panel Engine design should be coordinated with both engine and airtrame

ENGINE-AIRFRAME INTEGRATION FOR ROTORCRAFT mounted separator performance characteristics to ensure that

May 1986 154 p Lecture Series held in St. Louis, Me, 2-3 optimized designs can be offered to customers with very different

Jun 1986, in Rome. Italy, 9-10 Jun 1986, and in Marseilles, France, operational requirements. A design method was outlined which

12.13 Jun, 1986 would allow the erosion reduction characteristics of engine and

(AGARD-LS-148; ISBN-92-635-1529-3; AD-Al71297) Avail: NTIS airframe Intake Protection System (IPS) designs to be taken into

HC A08/MF A0l account during engine design. The Infrared Suppression (IRSI

Topics addressed include numerous airframe integration aspects designs can be integrated with IPS scavenge requirements to

relating to rotor wing aircraft, Various areas of engine airframe produce a low signature engine installation B G

integration, including the impact of advanced engine design
variables to specific propulsion subsystems, will be discussed. N87-10071# Army Aviation Systems Command, Saint Louis.
Other propulsion system integration aspects such as MO Engineering Dept.
engine/rotor/drive system torsional stability and transient response ENGINE-AIRFRAME INTEGRATION FOR ROTORCRAFT:
will also be discussed. Additional areas considering the specification COMPONENT SPECIFICATIONS AND QUALIFICATION
and qualification requirements of propulsion items will be examined. J, A RAY In AGARD Engine-Airframe Integration for Rotorcralt
For individual titles see N87-10u68 mrough N87-10074. 10 p (SEE N87-10067 01-05) May 1986

(AGARD-LS-t48) Avail: NTIS HC A08/MF A0t
N87.10068# Sikorsky Aircraft, Stratford. CT Propulsion Both past history and current principles associated with
Systems engine-airframe integration for rotorcraft are provided as related
ENGINE-AIRFRAME INTEGRATION CONSIDERATIONS FOR to component specification requirements and their individual
PRELIMINARY AIR VEHICLE PERFORMANCE ANALYSIS qualification assurance Component specification and quatificatlion
R C FRAWLEY and H. N SHOHET In AGARD Engine-Airframe requirements have tended to be generic and standardized without
Inlegration for Rotorcraff 21 p (SEE N87-10067 01-05) May consideration of actual usage. location, and exposure As such.
1986 overall requirements have had problems of being overly restrictive
IAGARO-LS-I48) Avail NTIS HC A08/MF Aol in some cases and not exacting enough in others The current

Helicopter engine/airframe integration icsues are examined from trend in tailnring or specific applications as well as insuring system
a preliminary design viewpoint with emphasis on those areas where performance requirements hy conducting early component/bench
an impact on aircraft power available and/or aerodynamics is level tests will be discussed along with lessons learned from past
.nvolved The areas of the helicopter propulsion system specifically efforts, Components involved in the overall engine-aidrame
addressed include the engine air induction system considering integration effort such as pumps, fans. starter valves, sensors,
aerodynamic performance, anti-tcng, exhaust gas re ingestion, and Infrared suppressors, inlet particle separators, and fuel cells will
nlet particle separation, the engine exhaust system considering be discussed Aiiillo
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N87.10072# Garrett Turbine Engine Co., Phoenix, AZ. parts of North America. The working group (WG09) considered
INFLUENCE OF ENGINE VARIABLES ON FUTURE HELICOPTER the following objectives: (1) to examnne rotorcraft icing analysis
SYSTEMS and modeling; (2) to consider new methods of ice protection; (3)
M. L EARLY and P. K. ZEINER In AGARD Engine-Airframe to compare operational experience with ice protected rotorcraft
Integration for Rotorcraft 24 p (SEE N87-10067 01-05) May with the design and qualification criteria presently established. The
1986 findings of an international group are presented including a
(AGARD-LS-148) Avail: NTIS HC A08/MF A01 comparison of icing afmsphere models and forecasting techniques

A helicopter system defined for the year 2000 must make and an assessment of predictive methods and simulation, flight
numerous assumptions about future technology and system clearance strategies and requirements. Various new methods of
requirements. In the case of propulsion system options, the required icing protection for rotorcraft are considered. Author
5 to 15 year development cycle (from preliminary engine cycle
studies through engine development to production) complicates
the process of optimizing the engine/rotorcraft system. A
well-disciplined approach to engine definiton studies to yield engine N87.1600f# Ferranti Defence Systems Ltd., Edinburgh (Scotland)
candidates that best use emerging technologies is illustrated. An Electro-Opts Dept.
advanced, single-engine helicopter requiring a 2000-shp powerplant THE UNMANNED AIRCRAFT AS A FORCE MULTIPLIER
was used a a base-line vehicle. Both simple and heat-recovery W. H. MCKENDRICK and MAURICE R. PACK-DAVISON In
cycles were evaluated, using trade factors to establish engine AGARD Guidance, Control and Positioning of Future Precision
effects on helicopter direct operating cost (DOC), the optimization Guided Stand-Off Weapons Systems 15 p (SEE N87-16000
parameter assumed for purposes of illustration Author 08-15) Jun. 1986

N87-10073# Societe Nationale Industrielle Aerospatiale. (AGARD-CP-388) Avail: NTIS HC A12/MF A01

Marignane (Prance). Helicopter Div. A principal role for small military remote piloted vehicles (RPVs)
HELICOPTER AFR IA E ROTETION SYSTnow and in the foreseeable future is to enhance the effectiveness
X. DELASERVETTE and P. CABR T In AGARD Engine-Airframe of other weapon systems, in particular those capable of delivering
Integrationfo D RTEad P. CABpT (SnE AGARD07 E -Airae munitions against distant targets. The requirement is for a force
Integration for Rotorcraft 20 p (SEE N87-10067 01-05) May multiplier which can be used to increase weapon effectiveness
1986

(AGARD-LS-148) Avail: NTIS HC A08/MF A01 and weaken the offensive and defensive capability of the enemy
The primary function of an engine air intake is to provide air How the RPV System design and configuration are influenced by

a requirement to act as a force multiplier is discussed. The approach
supply with minimum pressure drop and distortion. Static or dynamic adopted is to concentrate initially on the target acquisition role
air intakes are selected according to both the type of engine air and show how mission requirements impinge on every level of
intke and the helicopter missions envisaged. The other function and show how Ti ssion s thengenerleve of
of an engine air intake is to protect the engine against foreign RPV system design. The discussion is then generalized to other
object ingestion, sand erosion, and the various atmospheric agents weapon support roles and finally to the implication of a multiple-role
such as rain, snow, and ice. As a general rule, the air intake capability on RPV system equipment and operation Author
protection systems are all the more penalizing as regards
performance as they are efficient. The best tradeoff is therefore
between both functions. The dimensioning and test criteria for
each function of an air intake is examined and then the various N67-16002# Naval Air Systems Command, Washington. DC.
development stages are given for the SA 366 G1 Dauphin air NAVY TECHNOLOGY REQUIREMENTS FOR UNMANNED
intake as an example. Author AIRBORNE VEHICLES

P. E. MULLOWNEY In AGARD Guidance, Control and Positioning
N87-10074# Army Aviation Systems Command, Saint Louis, of Future Precision Guided Stand-Off Weapons Systems 5 p
MO. Engineering Dept. (SEE N87-16000 08-15) Jun. 1986
ENGINE-AIRFRAME INTEGRATION FOR ROTORCRAFT: (AGARD-CP-388) Avail: NTIS HC A12/MF A01
SYSTEM SPECIFICATIONS AND QUALIFICATION Navy technology requirements for unmanned airborne vehicles
J. A. RAY In AGARD Engine-Airframe Integration for Rotorcraft are most unique in their shipboard launch, recovery, and
10 p (SEE N87-10067 01-05) May 1986 maintainability. The current and future Remotely Piloted Vehicle
(AGARD-LS-148) Avail: NTIS HC A08/MF A01 (RPV) programs will demand cost and mission effective systems

Both past history and current principles associated with with a high degree of survivability. Cost effectiveness will be
engine-airframe integration for rotorcraft are provided as related emphasized from the shipboard operation end of the problem.
to system specification requirements and the resulting qualification starting with storage, launch, remote piloting and data acquisition,
assurance System specification requirements have evolved through the tradeoff of expendability vernus recovery, and shipboard
through periods of few details and lack of definitive requirements maintenance and Instrument Landing System (ILS) concepts. Until
to the opposite extreme of exacting details and extremely specific the technology can provide RPVs fully integrated with shipboard
requirements. The current trend of performance related operations, Navy applications will remain the same. B.G
specifications is intended to enhance the freedom of design while
meeting the essential mission related requirements. This has
required a revised qualification program effort to insure essential
requirements are being met throughout the develpment effort.
Lessons learned in this evaluation as well as current methods will N87-16011# Naval Air Development Center, Warminster, PA.
be discussed for overall engine-airframe integration system Aero Analysis DO.
requirement. In particular, system qualification will be addressed HIGH ALTITUDE, LONG ENDURANCE RPV DESIGN
for such areas as adverse environment requirements for icing, TECHNOLOGY STUDY
cold/hot temperatures and sand/dust; mission related requirements CAMPBELL HENDERSON, EDWARD MCQUILLEN, and LARRY
for engine response, infrared signature reduction, and LEHMAN In AGARD Guidance, Control and Positioning of Future
crashworthiness and basic engine integration requirements for Precision Guided Stand-Off Weapons Systems 14 p (SEE
torsional stability, vibration, and cooling. Author N87-16000 08-15) Jun 1986

(AGARD-CP-388) Avail: NTiS HC A12/MF A01
N87-15966# Advisory Group for Aerospace Research and The Naval Air Development Center conducted a design
Development, Neuilly-Sur-Seine (France). Flight Mechanics technology study of high altitude long endurance Remotely Piloted
Panel. Vehicles (RPVs) for possible mission applications which might
ROTORCRAFT ICING: PROGRESS AND POTENTIAL include surveillance, over the horizon communications, and
Sep 1986 140 p targeting. among others. Phase 1 was to investigate technology
(AGARD-AR-223; ISBN-92-835-1535-8; AD-A173807) Avail: levels and potential technology breakthroughs that can provide
NTIS HC A07/MF A01 vehicle endurance of greater than 100 hours at altitudes greater

Helicopter icing remains a significant operational consideration than 00,000 feet. and ,o incorporate the technologies into
for military helicopters operating throughout Europe and northern conceptual vehicle designs Thes results are presented. Author
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N87-20176# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich satisfactory largely due to an inadequate mesh in the visccu-
(Germany, F.R.). Helicopter Div. sublayer. Author
DESIGN FOR REPAIRABILITY OF HELICOPTER COMPOSITE
BLADES
M. HAHN In AGARD The Repair of Aircraft Structures Involving
Composite Materials 15 p (SEE N87-20174 13-01) Oct. 1986
(AGARD-CP-402) Avail: NTIS HC A1l/MF A01 N81-21913# Advisory Group for Aerospace Research and

First a careful definition is made of the specific kinds of damages Development, Neuilly-Sur-Seine (France). Flight Mechanics

where repairability is aimed for. The criteria of repairability are Panel.
, scribed -:- he - varmnle of the main rotor blade. Then some IDENTIFICATION OF DYNAMC S'TEMS -APPUCATIONS TO

repair procedures are detailed, starting witn the critena to be used AIRCRAFT. PART 1: THE OUTPUT ERROR APPROACH
to decide on repair level, showing components in particular and R. E. MAINE and K. W. ILIFF Dec. 1986 187 p
the aspects of design to repairability. Comparison of early and (AGARD-AG-300-VOL-3-PT-1: ISBN-92-835-f540-4; AD-A178766)
later design is used to demonstrate how improvement with respect Avail: NTIS HC A09/MF A01
to repairability was achieved. The concluding chapter describes This document examines the practical application of parameter
service experience with the main and tail rotor blades, gained estimation methodology to the problem of estimating aircraft

e.g., out of more than one mio. flight hours of BO 105-flest. stability and control derivatives from flight test data. The primary
Author purpose of the document is to present a comprehensive and unified

picture of the entire parameter estimation process and its
N87o20210# British Aerospace Aircraft Group, Warton (England). integration into the flight test program. The document concentrates
Aerodynamics Dept. on the output-error method to provide a focus for detailed
THE INTEGRATION OF COMPUTATIONAL FLUID DYNAMICS examination and to allow us to give specific examples of situations
INTO THE MILITARY AIRCRAFT DESIGN PROCESS that have arrisen in our experience. The document first deres
W. R. MARCHBANK In AGARD Applications of Computational the aircraft equations of motion in a form suitable for application
Fluid Dynamics in Aeronautics 13 p (SEE N87-20199 13-02) Nov. to estimation of stability and control derivatives. It then discusses
1986 the issues that arise in adapting the equations to the limitations
(AGARD-CP-412) Avail: NTIS HC A19/MF A01 of analysis programs, using a specific program for an example.

The rapid analysis and subsequent iterative refinement of aircraft The document then addresses the roles and issues relating to

shape is demonstrated by a number of applications of integrated mass distribution data, preflight predictions, maneuver design, flight
CFD procedures, aimed at achieving specified supersonic scheduling, instrumentation sensors, data acquisition systems, and
performance. Without any reduction in transonic perf -tance, the data processing. Finally. the document discusses evaluation and
following complimentary benefits in the supersonic flight regime use of the analysis results. Author
were established: (1) 5% reduction in drag through fuselage
shaping: (2) 3% reduction in drag by decambering the wing through
use of flaps; (3) 6% reduction in drag through a reduction in trim
drag; (4) 15% increase in Thrust minus Drag through optimization
of the intake flow field. Thus CFD based Project Procedures. used N87-22663# Advisory Group for Aerospace Research and
early in configuration design to refine the 3D lines, were used to Development. Neuilly-Sur-Seine (France). Flight Mechanics
increase supersonic turn rate by approximately 20%, for a fixed Panel.

engine thrust, allowing supersonic design requirements to be met IMPROVEMENT OF COMBAT PERFORMANCE FOR EXISTING
without penalizing transonic performance. Author AND FUTURE AIRCRAFT

N8720216# Messerschmit-Boelkow-Blohm G.mb.H., Munich Dec. 1986 143 p In ENGLISH and FRENCH Symposium
N87-021# Mesercfrift-oelow~8ohmG~mb.H. Muich held in Trevixco. Italy, 14-17 Apt. 196

(Germany, F.R.). Helicopter and Military Aircraft Group. held ISB ita3y, 14-17 Apr. Avil
EULER SOLUTION FOR A COMPLETE FIGHTER AIRCRAFT AT (AGARD-GP-409; ISBN-92-835-0408-9; AD-At84501) Avail:
SUB. AND SUPERSONIC SPEED NT(S HC A07/MF AOt
ALB-RANDTUPERLEOnENT E (These proceedings contain the unclassified papers presentedALERECHT EBERLE and KENT MISEGADES (Gray Research, Inc.., tteAADFih ehnisPnlSmoimo h

Mendota Heights. Minn.) In AGARD Applications of Computational at the AGARo Flight Mechanics Panel Symposium on The
Fluid Dynamics in Aeronautics 12 p (SEE N87-20199 13-02) Nov. Improvement of Combat Perormance for Existing and Future
196 Aircraft, held in Trevisco, Italy from 14 to 18 April 1986. In planning

(AGARD-CP-412) Avail: NTIS HC At9/MF A01 the enhancement of a defence capability to meet a growing threat

A survey is given on the construction of a novel high resolxtion within inocreasmg financial constraints, it is invanably necessary,

Euler code which is applied for airflow calculations past a fighter and is current practice in 'II NATO countries, to consider varying
type aircraft. The principle feature of the flow solver is a Godunov options for improvement of existing weapon systems as an

type averaging procedure based on the eigenvalue analysis of alternative to embarking on totally new systems concepts. A wide

the Euler equations by means of which the fluxes are evaluated range of technical options are now available to improve the overall

at the finite volume faces which separate constant sets of flow performance of a weapon system. Many of these features are

variables on either side. The procedure is third order accurate equally applicable for embodiment in new designs or in existing

and locally monotonicity preserving thus avoiding the drawbacks combat aircraft. in considering these varied options, cost and
effectiveness remain the common constraints. For individual titles.of global TVD-schemes. The grid generation for complex N7264truhN7265

configurations is performed from solutions of linear biharmonic see N87-226e4 through N87-22675.

equations with only one parameter prescribed by the program
user. Vector computer performance of the explicit and implicit
program versions are considered. Author

N87-20226# Boeing Military Airplane Development, Seattle, N67-22685# lndustrieanlagen-Betriebsgesellschaft mb H,
WA. Ottobrunn (Germany, F.R.).
CALCULATIONS FOR A GENERIC FIGHTER AT SUPERSONIC PERFORMANCE IMPROVEMENT OF AIRBORNE WEAPON
HIGH-LIFT CONDITIONS SYSTEMS METHODS, SCOPE AND LIMITATIONS
J C WAI. G BLOM, and H YOSHIHARA In AGARD Applications P EBELING and R. HUBER In AGARD Improvement of Combat

of Computational Fluid Dynamics in Aeronautics 8 p (SEE Performance for Existing and Future Aircraft t1I p (SEE N87-22663
N87-20199 13-02) Nov, 1986 16-05) Dec. 1986
IAGARD.CP.412) Avail NTIS HC Al9/MF A0l (AGARD-CP-409) Avail: NTIS HC A07/MF A0t

The parabolized Naver/Stokes method was used to calculate The performance improvement and the necessity to eval' .t-

the flow over a generic fighter configuration with a canard and the overall and operational sysrem performance improvement by
underwing nacelles at supersonic high lift conditions Tie calculated use of systems assessment methods are discussed These
pressure distributions agreed closely with experiments, but the methods are briefly discussed using simple examples of former
pilot pressure profile predictions for the boundary layer were less evaluations Author
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N87-22666# Italian Air Staff, Rome. N87-22671# Air Force Wright Aeronautical Labs.,
SOME DEVELOPMENT TRENDS IN UGHT GROUND ATTACK Wright-Patterson AFB. OH. X-29 Advanced Development Program
AIRCRAFT Office.
R. TONINI. G. M. AVAGNINA. E. LOJACONO, and N. X-29 INTEGRATING ADVANCED TECHNOLOGIES FOR
BRAGAGNOLO (Aeritalia S.p.A., Caselle Torinese, Italy ) In TOMORROW'S AIR COMBAT
AGARD Improvement of Combat Performance for Existing and THOMAS M. WEEKS and JAMES R. PRUNER In AGARD
Future Aircraft 16 p (SEE N87-22663 16-05) Dec. 1986 Improvement of Combat Performance for Existing and Future
(AGARD-CP409) Avail: NTIS HC A07/MF A01 Aircraft 13 p (SEE N87-22663 16-05) Dec. 1986

The development of a light bomber attack aircraft, AM-X, is (AGARD-CP-409) Avail: NTIS HC A07/MF A01
discussed. Specific design requirements and cost effectiveness, a The X-29 Advanced Technologv Demonstrator Program is
mission effecti,.eness model. effectiveness tradeoffs, weapon underway and in flight status at NASA Dryden Flight Research
systems and avionics are among the topics surveyed. R.J.F. Facility. The joint US Air Force, NASA DARPA, Grumman

Aerospace Corporation program is demonstrating a bet of advanced
airframe technologies for consideration by designers of tomorrow's
combat aircraft. These technologies are described and preliminary
quantitative results are discussed. These technologies are

N87-22667# French Air Force. Paris. Nouveaux Avions de integrated within the X-29 airframe. Tomorrow's combat aircraft
Combat O. will require new, integrated technologies and will benefit from the
WEAPON SYSTEMS POLYVALENCE: AN ECONOMIC AND X-29 integration experience base. The X-29 aircraft is being
OPERATIONAL CHALLENGE [POLYVALENCE DES SYSTEMES considered for several potential test bed demonstrations of new
DARMES: UN DEFt ECONOMIQUE ET OPERATIONNEL] equipment and airframe concepts and will serve well in this role
JEAN-JACOUES FLOCH In AGARD Improvement of Combat to satisfy near term requirements. Author
Performance for Existing and Future Aircraft 5 p (SEE N67-22663
16-05) Dec. 1986 In FRENCH N87-22672# Office National d'Etudes et de Recherches
(AGARD-CP-409) Avail: NTIS HC A07/MF A01 Aerospatiales, Paris (France).

With the broadening of the concept of the weapons system, SIMULATION OF AN INTEGRATED FLIGHT/FIRE CONTROL
air combat missions of the 1990's will include, in the course of a SYSTEM DURING AIR-TO-GROUND GUNNERY ATTACK
single mission, phases of flight during which air-to-air and (SIMULATION D'UNE SYSTEME INTEGRE DE COMMANDES DE

air-to-ground capabilities will be alternately or even simultaneously VOL ET DE CONDUITE DE TIR CANON AIR-SOLI
put to the test. The notion of polyvalence is introduced and the B. DANG VU and C. LABURTHE In AGARD Improvement of
importance of the concept to aircraft design and particularly aircraft Combat Performance for Existing and Future Aircraft 5 p (SEE
weapon systems definition is discussed. The primary benefit of N87-22663 16-05) Dec. 1986 In FRENCH
polyvalence is that it greatly extends the ability of combat aircraft (AGARD-CP-409) Avail: NTIS HC A07/MF A01
to adapt to an evolving operational environment. Author A fixed base simulation study demonstrated that an integrated

flight/fire control (IFFC) system decreased pilot workload during
an air-to-ground gunnery attack and improved airplane flying
qualities in comparison with those of a conventional aircraft. The
IFFC system was designed to use only standard on-board
instrumentation, excluding sophisticated sensors (e.g.. electro-

NS7-22668# British Aerospace Public Ltd. Co.. optical). A preliminary investigation of direct side force
Kingston-upon-Thames (England). Aerodynamics Dept. showed that it does not provide significant improvements in aiming
EVOLUTION OF COMBAT PERFORMANCE OF THE HAWK effectiveness. Author
UGHT COMBAT AIRCRAFT
S. F. STAPLETON and R. S. DABBS In AGARD Improvement N87-22675# British Aerospace Public Ltd. Co., Lancashire
of Combat Performance for Existing and Future Aircraft 11 p (SEE (England). Military Aircraft Div.
N87-22663 16-05) Dec. 1986 THE ASSESSMENT AND EVALUATION OF COMBAT
(AGARD-CP-409) Avail: NTIS HC A07/MF AOl PERFORMANCE IMPROVEMENTS

The progressive evolution of the BAe Hawk from its original A. G. BARNES In AGARD Improvement of Combat Performance
concept as the advanced flying trainer aircraft for the RAF to the for Existing and Future Aircraft 8 p (SEE N87-22663 16-05) Dec
currently planned developments as a light attack aircraft is 1986
reviewed. The developments are described in aerodynamics (AGARD-CP-409) Avail: NTIS HC A07/MF A01
propulsion and systems to give improvement in performance and Aircraft performance improvements, for combat or any other
weapon delivery capability appropriate to effective light attack operational role, are becoming increasingly difficult to achieve.
operational roles. Author The dramatic year-by-year advances of the forties and fifties are

long gone. Aerodynamicists have a much better understanding of
the physical properties of the atmosphere and the shapes which
can best be propelled through it. The relationships between the
energy in fuel, and the conversion process into thrust are well

N87-22669# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich developed. Structural engineers understand the mechanical
(Germany, F.R.). Helicopter and Airplane Div. properties of materials needed to build engines and airframes. All
INTEGRATED DESIGN OF STRUCTURES these factors have been exploited, and further improvements do
O SENSBURG, G. SCHMIDINGER, and K. FUELLHAS In AGARD not come cheaply. Only in the area of avionics can it be said that
Improvement of Combat Performance for Existing and Future large benefits in the weight/cost/performance trade-o can be
Aircraft 20 p (SEE N87-22663 16-05) Dec. 1986 expected. The use of mathematical models, current simulation
(AGARD-CP-409) Avail: NTIS HC A07/MF A01 capabilities, tradeoff studies, and operational tactics are

It is shown that for highly sophisticated, naturally unstable discussed. Author
airplanes flying supersonically a joint strategy to lay out the flight
control system while minimizing design loads must be adopted. N87-23609# Advisory Group for Aerospace Research and
The selection of control surface geometry must be performed Development, Nerjilly-Sur-Seine (France). Structures and Matenals
utilizing all possibilities from overall structural optimization including Panel.
aeroelastic tailoring for primary carbon fiber structures. In the AIRCRAFT DYNAMIC RESPONSE TO DAMAGED AND
proposed design philosophy the behavior of the elastic airplane REPAIRED RUNWAYS
structure must be introduced and optimized in the very early design Mar 1987 45 p Meeting held ; Oberammergau, Wes Germany,
stage. Itts shown that the required control surface hinge moments 8-13 Sep. 1985
can be reduced by optimizing mass penalties and efficiencies (AGARD-R-739; ISBN-92-835-0409-7; AD-A181678) Avail: NTIS
Minimizing installed hydraulic power supply has also a beneficial HC A03/MF A01
sffect on engine performance at low speed, high altitudes. The dynamic response of aircraft operating from damaged and

Author repaired runways is examined The response of a simplified
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representation of an aircraft to two discrete disturbances is N$7-24446# Dornier-Werke G.m.b.H.. Fnednchshaen (Germany.
aialyzed to see how the second disturbance modifies system F.R.).
behavior caused by the first disturbance. A mathematical model is INTEGRATION OF AERODYNAMIC, PERFORMANCE,
provided which can be used for calculation of the dynamic response STABILITY AND CONTROL REQUIREMENTS INTO THE
of aircraft structures operating on rough surfaces; a comparison DESIGN PROCESS OF MODERN UNSTABLE FIGHTER
is made between theoretical predictions for a YF16 aircraft and AIRCRAFT CONFIGURATIONS
typical measurements from frequency response tests. For individual G. WEDEKIND and P. MANGOLD In AGARD Integrated Design
titles, see N87-23610 through N87-23611. of Advanced Fighters (date) 20 p (SEE N87-24445 18-05) May

1987
N117-23610# Air Force Wright Aeronautical Labs.. (AGARD-LS-153) Avail: NTIS HC AI0/MF A01
Wright-Patterson AFB, OH. Structures and Dynamics Div. Already in the early design stage of a modem tighter aircraft
INTERPRETATION IN TERMS OF THE RESPONSE OF A ONL development with usually unstable basic characteristics in pitch, a
DEGREE-OF-FREEDOM OSCILLATOR TO TWO SUCCESSIVE well balanced compromise between optimum performance and
DISTURBANCES excellent handling qualities has to be found. This compromise
JAMES J. OLSEN In AGARD Aircraft Dynamic Response to must be based on sufficient margins for stability and control.
Damaged and Repaired Runways 22 p (SEE N87.23609 17-05) maneuverability in terms of agility and economic aspects which
Mar. 1987 usually are in contradiction to pure performance requirements as
(AGARD-R-739) Avail: NTIS HC A03/MF A01 for example sustained/instantaneous turn rates and high specific

The dynamic response of an aircraft that taxies over two excess power. Reasonable cnteria deducted from flight mechanical
arbitrary disturbances, under the assumption that the aircraft can and control law design point of view are discussed, which lead
be represented as a linear. one degree-of-freedom system is straight ahead towards a set of desirable longitudinal and lateral
explained. That analysis produced the concept of the BUMP characteristics for the basic unaugmented aircraft. These
MULTIPLIER which explicitly and simply determines whether a requirements impose remarkable constraints for the aerodynamic
second discrete disturbance will amplify or attenuate the response design of a tighter and its elements like wing planform, strakes,
from a first disturbance. The BUMP MULTIPLIER also simplifies vertical fins and horizontal tail size and location. The problems
the understanding and presentation of the results. While the and possibilities to stay within the reasonable flight mechanical
assumptions are very severe, the resulting formulas can be very limits are demonstrated. Author
useful to guide more elaborate nonlinear calculations or to plan
test programs. Author

N87-24447# Northrop Corp., Hawthorne. CA. Flight Control
N87o-2361 1# Deutsche Forschungs- und Versuchsanstalt fuer Engineering.
Luft- und Raumfahrt. Goetlingen (Germany, F.R.). Inst. of SIMULATION AS A FIGHTER DESIGN TOOL

Aeroelasticity. J. L. LOCKENOUR In AGARD Integrated Design of Advanced
AN EXPERIMENTAL-ANALYTICAL ROUTINE FOR THE Fighters 34 p (SEE N87-24445 18-05) May 1987
DYNAMIC QUALIFICATION OF AIRCRAFT OPERATING ON (AGARD-LS-153) Avail: NTIS HC A10,'MF A01
ROUGH RUNWAY SURFACES Simulation has been playing a growing role in the development
R. FREYMANN In AGARD Aircraft Dynamic Response to of fighter aircraft weapon systems. In the 60's and early 70's
Damaged and Repaired Runways 14 p (SEE N87-23609 17-05) simulation was almost exclusively the tool of the engineers
Mar. 1987 responsible for the flight control and flying qualities of the airplane.
(AGARD-R-739) Avail: NTIS HC A03/MIF A01 However, in the last 10 to 15 years, simulation has seen an ever

A mathematical model to be used as a basis for analytical increasing usage for tactics, crew workload and mission avionics
investigations to predict the dynamic structural response of flexible assessment. The current status of real time, pilot-in-the-loop flight
aircraft operating on rough runway surfaces is presented. It is simulation is reviewed. Examples are presented of simulators as
shown how the structural parameters included in the aircraft is a brief discussion of the components of a flight simulator with
generalized equations of motion are determined in a ground emphasis on the features ot importance to the user. Fidelity as it
vibration test on the real aircraft structure and in additional tests relates to the perception of the pilot and his task performance is
on components of the undercarriage. The validation of the discussed. Data is given on the motion and visual requirements.
developed mathematical model is achieved by a comparison of Key topics are also presented in experimental design including
typical results from frequency response tests and calculations task selection, pilot factors and data collection. An enumeration
performed on a YF-16 prototype fighter aircraft. Finally, tme way of technology improvements already on the horizon which are
in which the developed mathematical model can be used in expected to make a major impact on simulation is also given.
combination with various systematic test procedures for the Author
dynamic qualification process of aircraft operation on damages/
repaired runways is indicated. Author

N87-24445# Advisory Group for Aerospace Research and N87-24448# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
Development. Neuilly-Sur-Seine (France). Flight Mechanics (Germany, F.R.). Helicopter and Military Aircraft Div.
Panel. FLIGHT TESTING OF FIGHTER AIRCRAFT
INTEGRATED DESIGN OF ADVANCED FIGHTERS A. KNAUS and K. H. BURGER In AGARD Integrated Design of
May 1987 213 p Lectures held in London. England, i-

2 
Jun. Advanced Fighters 21 p (SEE N87-24445 18-05) May 1987

1987; in Lisbon, Portugal; and in Los Angeles, Calif., 23-24 Jun. (AGARD-LS-153) Avail: NTIS HC A10/MF A01
1987 A realistic overall picture about flight testing of fighter aircraft
(AGARD-LS-153; ISBN-92-835-1552-8; AD-At85224) Avail: NTIS today and trends for the future is given, It is shown whether.
HC AI0/MF A01 where and to what extent flight testing is and will be necessary.

A general overview of the state of the art in modern fighter Especially the implications of advanced fighter aircraft concepts
design is presented, with an introduction to the innovations of on the test program are discussed regarding the high technology
computer aided design evaluation to both preliminary design and standard of the complete weapon system and the operational
the final optimization of the various design compromises. After requirements. It is concluded that best equipped facilities together
the introduction reviewing the evolution of the modern fighter with a well organized management are mandatory. The introduction
aircraft, the various stages of the total design problem is developed. of up-to-date scientific computer systems and the development of
The integration of requirements into the preliminary configuration new software seems to be a permanent requirement to handle
of the design is followed by discussions of modem design the streams of data which confront the flight test engineer. Early
techniques that are currently used to assess and validate the plannings and preparations are required to integrate as many tasks
evolving configuration. The overall integrations process as applied as possible per flight in order to save expensive flying time. Finally,
to various current design challenges are considered including an overview of flight test disciplines is given. It is shown that
multi-role aircraft, shiptiorne operators and VSTOL and STOVL flight test is an universal discipline. Consequently areas of main
concepts. For individual titles, see N87-24446 through test effort only and corresponding test methods to be applied are
N87-24454. discussed in more detail. Author
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N87-24449# Britisn Aerospace Aircraft Group, Finally, the special features of thrust vectoring in forward flight
Kingston-upon-Thames (England). (VIFF), are considered. Author
CARRIAGE OF EXTERNAL STORES
CLIFFORD L. BORE In AGARD Integrated Design of Advanced
Fighters 23 p (SEE N87-24445 18-05) May 1987
(AGARD-LS-153) Avail: NTIS HC A10/MFA01 N87-253# Societe pour rEquipment des Vehicules, Gosselis

The main interactions between the external stores and fighter (Belgium).
aircraft as a whole are considered. Since the context is that of ADVANCED FIGHTER DESIGN: OPERATIONAL EXPERIENCE

fighter design, the understanding of the magnitude of those efforts AND FUTURE REQUIREMENTS
which can be chosen by designers is concentrated on. The factors F. AGNEESSENS In AGARD Integrated Design of Advanced
affect the overall value of a fighter airforce as a whole, so that Fighters 14 p (SEE N87-24445 18-05) May 1987
the sensitivity of value to these factors can be appreciated. Then (AGARD-LS-153) Avail: NTIS HC At/MF A01

the influence of the separate factors is considered: drag and other The possibilities of the F84F, Mirage 5, the F104G and the
installed forces, trajectory testing in %ind tunnels, stability and F-16 are compared. The deficiencies that they show for the mission
flutter, agility, and airframe/store integration. Author for which they are employed are examined. Before these aircraft

are analyzed, it is necessary to state in what role each they are
employed. To do this, the requirements have to be considered.

N87-24450# Avions Marcel Dassult-Breguet Aviation, These are mostly imposed by NATO, but national requirements
Saint-Cloud (France). could also be considered. Due to the large variety of missions to
DESIGN OPTIMIZATION FOR A FAMILY OF MULTI-ROLE be performed, in the air-to-air (A/A) or in the air-to-ground (A/G)
COMBAT AIRCRAFT roles, it is evident that non specialized aircraft will be used and
JEAN-CLAUDE HIRONDE In AGARD Integrated Design of also low cost aircraft wil be chosen more and more often. This
Advanced Fighters 23 p (SEE N87-24445 18-05) May 1987 analysis is limited to the different aircraft which were or are still in
(AGARD-LS-153) Avail: NTIS HC A10/MF A0l use in European airforces or more generally in the European theater

The future multi-role combat aircraft design process is used as of operations. This theater is very demanding due to different
an example. At the early stage of the design, requirements of the factors such as the threat and the weather. The concept of
French Air Force and Navy and other potential customers are multi-rote aircraft, being considered as the ideal choice by many,
studied very closely. Then the main technological improvements, is discussed as a response to the variety of requirements in the
from the existing aircraft, that are needed to meet these European theater. Another point that is discussed is pilot training
requirements are clearly defined. The improvements are achieved in peace time. The use of simulators is mentioned to show how it
by an optimization process carried throughout each and all aircraft is possible to maintain a high level of proficiency for the piiots.
design disciplines, involving an intensive use of the very large Author
range of design and tests tools available from the aircraft company
and state research establishments. Because of the numerous
technical innovations which will be introduced in the future combat
aircraft, an in-flight demonstration aircraft was judged necessary. N87-24454# Air Force Systems Command, Andrews AFB, MD.
The RAFALE demonstration aircraft, and the evolution into a future Test and Evaluation.
family of multi-rote specific versions. is presented. Author THE INTEGRATION AND OPERATIONAL SUITABILITY OF

EMERGING TECHNOLOGIES FOR FUTURE FIGHTER

N87-24451# McDonnell Aircraft Co., Saint Louis, MO. Aircraft AIRCRAFT: A PILOT'S PERSPECTIVE
Engineering. JOHN M. HOFFMAN In AGARD Integrated Design of Advanced
DESIGN OPTIMIZATION OF FIGHTER AIRCRAFT Fighters 9 p (SEE N87-24445 18-05) May 1987
D. D. SNYDER In AGARD Integrated Design of Advanced Fighters (AGARD-LS-153) Avail: NTIS HC A10/MF A0l
20 p (SEE N87-24445 18-05) May 1987 The tactical air mission has become extremely challenging and
(AGARD-LS-153) Avail: NTIS HC A1O/MF AOl complex due to improvements in ground defenses and

The explosion of digital computation capability over the last 30 sophistication of opposing threat air forces. To fight, survive, and
years has transformed the military aircraft design process, and win in this demanding environment, the capabilities must be
provided unprecedented opportunity for true optimization of developed which are needed by the tactical pilots to successfully
selected configurations prior to production commitment. To date, counter the threat. Technological developments have fostered a
this revolution has worked primarily to reduce risk in aircraft host of new capabilities for application to future aircraft. A pilot's
development. Today's new aircraft flies as expected, without perspective on the development, integration, and application of
unforeseen handling quirks or instability, and exploration f - St, these emerging technologies for the air superiority mission is
if not all the flight envelope is possible on the first flight. Digital provided. Of real concern is determining which capabilities will be
flight simulation, sophisticated wind tunnel test techniques, and most useful to the pilot, yet not overload or exceed his capacity
performance, structural and thermal modeling all combine to elevate to perform. Assessments are based on personal experiences in
confidence in a new design to a very high level. Another, as yet combat, in flight testing applications in current fighter aircraft, and
unrealized benefit is an enormous potential improvement in on plans for incorporation in future fighter aircraft. The pilot/vehicle
productivity and efficiency, and therefore cost, of the aircraft design interface and enhanced pilot performance is the central focus.
and manufacturing process. Insight is provided into the modern conditioned by operational suitability. Key factors include
aircraft development process from the perspective of a designer information or task saturation, situational awareness, physiological
and builder of high performance military tighter, McDonnell Aircraft limitations, and cockpit designs. The concept of Fighter Battle
Co. Author Management is introduced. Author

N87-24452# British Aerospace Aircraft Group,
Kingston-upon-Thames (England). NS-10812# Royal Aircraft Establishment. Farnborough
V/STOL AND STOVL FIGHTER DESIGN (England).
CLIFFORD L. BORE In AGARD Integrated Design of Advanced TOWARDS THE UNMANNED COCKPIT
Fighters 20 p (SEE N87-24445 18-05) May 1987 BRIAN ELLIS In AGARD, Knowledge Based Concepts and
(AGARD-LS-153) Avail: NTIS HC A10/MF A0l Artificial Intelligence: Applications to Guidance and Control 12 p

A wide range of basing concepts, including dispursed land (SEE N88-10806 02-08) Aug. 1987
bases, smell and very small ships, ski jump and Skyhook, are (AGARD-LS-155) Avail: NTIS HC A07/MF A0t
reviewed, the design of STOVL fighter aircraft is examined, starting Trends in air warfare make the development of autonomous
from consideration of the engine and nozzles system, which is unmanned aircraft necessary. Advances in intelligent
the heart of let powered STOVL fighters. This leads to consideration knowledge-based systems (IKBS) and in computing technology
of the nature of the aerodynamics of vertical landing, such as hot will make it possible. The cyse for unmanned aircraft and their
gas ingestion, let induced suck-down and the ground/jets fountain. probable evolution is made. Some indications are offered of the
Then the special features of air intakes design are considered, developments that will be called for in the IKBS themselves and
followed by the special considerations of ifting-surface design. in the computing hardware. Author
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N611649# Advisory Group for Aerospace Research and N88-11657# Army Aviation Research and Development
Development, Neuilly-Sur-Seine (France). Flight Mechanics Command, Moffeft Field, CA.
Panel. MODELING XV-15 TILT-ROTOR AIRCRAFT DYNAMICS BY
ROTORCRAFT DESIGN FOR OPERATIONS FREQUENCY AND TIME-DOMAIN IDENTIFICATION
Jun. 1987 319 p In ENGLISH and FRENCH Symposium TECHNIQUES
held in Amsterdam, Netherlands, 13-16 Oct. 1986 MARK B. TISCHLER and JUERGEN KALETKA (Deutsche
(AGARD-CP-423; ISBN-92-835-0420-8; AD-A199169) Avail: Forschungs- und Versuchsanstalt fuer Luft- und Raumfahrt,
NTIS HC A14/MF A01 Brunswick, West Germany ) In AGARD, Rotorcraft Design for

The objective was to explore the impact of operational needs Operations 20 p (SEE N88-11649 03-05) Jun. 1987
on the evolution of rotororaft design. The status of rotorcraft design (AGARD-CP-423) Avail: NTIS HC A14/MF Aol
is reviewed and priorities and neglected topics are discussed. For Models of the open-loop hover dynamics of the XV-15 Tilt-Rotor
individual titles, see N88-11650 through N88-11672. Aircraft are extracted from flight data using two approaches:

frequency domain and time-domain identification. Both approaches
are reviewed and the identification results are presented and

N88-111650# Army Aviation Systems Command, Saint Louis, compared in detail. The extracted models are compared favorably,
MO. with the differences associated mostly with the inherent weighing
THE INFLUENCE OF OPERATIONAL REQUIREMENTS ON LHX of each technique. Step responses are used to show that the
CONCEPT FORMULATION predictive capability of the models from both techniques is
ROBERT D. HUBBARD and ROBERT L. TOMAINE In AGARD, excellent. Based on the results of this study, the relative strengths
Rotorcraft Design for Operations 8 p (SEE N88-11649 03-05) Jun. and weaknesses of the frequency and time-domain techniques
1987 are summarized and a proposal for a coordinated parameter
(AGARD-CP-423) Avail: NTIS HC A14/MF AOl identification approach is presented. Author

The U.S. Army's Light Helicopter Family (LHX) program which
is currently in concept formation is discussed. The activities N88-11658# Royal Aircraft Establishment, Farnborough
associated with concept formation including governing regulations, (England).
how the process is executed, the scope of the effort involved OPERATIONAL LOAD MEASUREMENTS ON SERVICE
and innovations included for LHX are discussed. The evolution of HELICOPTERS
the requirements is emphasized and the focus is on how the DOROTHY M. HOLFORD In AGARD, Rotorcraft Design for
operational requirements drive the engineering requirements and Operations 12 p (SEE N88-1 1649 03-05) Jun. 1987
ultimately the design of the aircraft. Operational requirements are (AGARD-CP-423) Avail: NTIS HC A14/MF A01
driven by the LHX concept, namely, a family of Scout/Attack The philosophy of operational load measurement programs as
(LHX/SCAT) and Utility (LHX-U) aircraft with common dynamic applied to rotary wing aircraft is reviewed. A major aim is to
components, core mission equipment and common subsystems, substantiate component fatigue lives in the light of operational
The impacts of the unique LHX-SCAT aircraft on the design of usage. The aircraft installation to meet the needs of the programs
and commonality with the LHX-U are discussed. The operational is described. The analysis techniques, which are designed to
requirements are categorized into those associated with the Army provide the operator and engineer with a view of the origins of
21 concept of the future battlefield, the threat, safety and reliability, fatigue damage, are described. Problem areas in comprehensive
and availability and maintainability. Each category results in several fatigue monitoring systems are discussed. Author
specific design impacts. Author N88-11663# Industrieanlagen-Betriebsgesellschaft m.b.H..

Ottobrunn (Germany, F.R.).
NSS-11651# KLM Helikopters B.V., Amsterdam (Netherlands). IMPACTS OF ROTOR HUB DESIGN CRITERIA ON THE
DESIGN REQUIREMENTS FOR FUTURE COMMERCIAL OPERATIONAL CAPABILITIES OF ROTORCRAFT SYSTEMS
OPERATIONS R. SCHINDLER and E. PFISTERER In AGARD. Rotorcraff Design
F. F. J. SCHAPER In AGARD, Rotorcraft Design for Operations for Operations 23 p (SEE N88-11649 03-05) Jun. 1987
14 p (SEE N88- 11649 03-05) Jun. 1987 (AGARD-CP-423) Avail: NTIS HC A14/MF A01
(AGARD-CP-423) Avail: NTIS HC A14/MF A01 Starting with the description of the different design principles

Design requirements for helicopters stemming from civil of articulated, see-saw, hingeless and bearingiess rotor concepts,
operations are discussed. The offshore oil and gas industry is a variety of realized constructions is presented and discussed.
and will continue to be the main application of civil helicopters. The flight mechanic aspects such as maneuverability and handling
Development of other commercial markets will require major qualities are explained with respect to their operational capabilities.
improvements in almost all areas. Some of these areas are The differences in the flapping hinge offset are discussed The
highlighted, including: safety, reliability, cockpit ergonomics, and trend of the flapping hinge offset over three decades of armed
vibration. The current rate of progress is considered to be much and utility helicopters is analyzed. Author
too slow and concern is expressed about military and civil
requirements drifting too far apart. Designers of new military N88-11664# Societe Nationale Industnelle Aerospatiale,
helicopters should be aware of these civil requirements and take Marignane (France). Helicopter Div.
them into account as much as possible. Author NEW AERODYNAMIC DESIGN OF THE FENESTRON FOR

IMPROVED PERFORMANCE
A. VUILLET and F. MORELLI In AGARD, Rotorcraft Design for

N88-11652# Deutsche Forschungs- und Versuchsanstalt fuer Operations 11 p (SEE N88-11649 03-05) Jun, 1987
Luft- und Raumfahrt. Brunswick (Germany, F.R.). Inst. fuer (AGARD-CP-423) Avail: NTIS HC A14/MF A01
Flugmechanik. A general definition of the fenestron and its advantages for
MISSION-ORIENTED FLYING QUALITIES CRITERIA FOR civil and military helicopters are given. A detailed airflow analysis
HELICOPTER DESIGN VIA IN-FLIGHT SIMULATION through the fenestron was recently achieved on the tail rotor bench
B. GMELIN, H.-J. PAUSDER, and P. HAMEL In AGARD, Rotorcraft in hover. The experimental technique and the flow measurements
Design for Operations 14 p (SEE N88-1 1649 03-05) Jun. 1987 are surveyed. Also presented are the correlations made with blade
(AGARD-CP-423) Avail: NTIS HC A14/MF A01 element theory as well as more advanced analysis demed from a

Some recent activifies and results in the fields of rotorcraff radial equilibrium code in use for compressors. Author
in-flight simulation are presented. The following general conclusions
were drawn: (1) genera( purpose in-flight simulators will play a N86-11665# Sikorsky Aircraft, Stratford, CT. Research and
decisive role in the rotorcraff design. evaluation, development, and Advanced Design.
certification process; (2) the capability of in-flight simulators will ROTORCRAFT DESIGNS FOR THE YEAR 2000
support industry to meet the demands for future rotorcraft systems EVAN A. FRADENBURGH In AGARD, Rotorcraft Design for
and to reduce the costs and risks of development programs; and Operations 11 p (SEE N88-11649 03-05) Jun. 1987
(3) for the generation of generic flying qualities, test vehicles (AGARD-CP-423) Avail: NTIS HC A14/MF A01
providing adequate mission performance and variable Some of the rotorcraft concepts that can offer higher speeds
characteristics are required. Author than the pure helicopter, including the compound helicopter, ABC,
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till-rotor. X-wing, and stowed rotor configurations are discussed, devised and implemented to produce an aircraft with the best
All of these are potentially practical aircraft. Economic compromise of performance and cost are given. Author
considerations will dictate that the pure helicopter is here to stay;
higher speed rotorcraft are not as cost effective at short distances.
Also examined is the approach to helicopter sizing for heavy-lift N68-12481# Advisory Group for Aerospace Research and
applications. It is concluded that a super-large helicopter, sized to Development. Neuifly-Sur-Seine (France). Flight Mechanics
carry the heaviest payload needed, is unaffordable. A better solution Panel.
is to develop a moderately large helicopter that will carry most of DEVELOPMENTAL AIRDROP TESTING TECHNIQUES AND
the required loads, and to use the twin-lift technique to transport DEVICES
the occasional extra-heavy load. Author H. J. HUNTER and R. K. BOGUE, ed. Sep. 1987 97 p

(AGARD-AG-300-VOL-6; ISBN.92-835-1559-5; AD-A189621)
NBS-11666# Dornier-Werke G.m.b.H., Friedrichshafen (Germany. Avail: NTIS HC A05/MF A01
FR.). The practical aspects of planning, conducting, and reporting
HELICOPTER (PERFORMANCE) MANAGEMENT on developmental airdrop tests made from cargo transport type

WINFRIED BENNER and ROLF DUESSMAN In AGARD, aircraft are presented. Typical cargo aircraft aerial delivery systems,
Rotorcraft Design for Operations 9 p (SEE N88-11649 03-05) Jun. parachute extraction systems, and special devices and ngging
1987 techniques are described in detail. Typical instrumentation systems
AGARD-CP-423) Avail: NTIS HC A14/MF A01 for obtaining aircraft and parachute systems force data are also

The next generation of military helicopters will have to fly under described and piloting techniques for various airdrop methods are
night and adverse weather conditions below tree top level. Dorrier briefly discussed. A scenario of a typical oarachute tow test is

System started 15 years ago to develop avionic systems with a used to demonstrate the application of these techniques and the
performance that would allow pilots to fly the new missions. In use of challenge and response checklists among the flight

the Dornier baseline display cockpit concept the first steps of the crewmembers, Finally the use o1 reports is discussed and
Helicopter Management System (HMS) wilt be realized. Here, the appendices are included with many useful charts and calculations

main aspects of the system are discussed. The main parts are that are readily applicable in research and development airdrop
the mission planning system on the ground and the HMS onboard testing. Author

the helicopter. Author

N68-13244# Lockheed-California Co.. Burbank.
N88-11669# Costruzioni Aeronautiche Giovanni Agusta S.p.A., THE OFF-DESIGN PERFORMANCE OF HYPERSONIC
Varese (Italy). WAVERIDERS
A129 ADVANCED SOLUTIONS FOR MEETING TODAY'S LYLE N. LONG In AGARD, Aerodynamics of Hypersonic Lifting
COMBAT HELICOPTER REQUIREMENT Vehicles 14 p (SEE N88-13219 05-02) Nov. 1987
GIUSEPPE VIRTUANI In AGARD, Rotorcraft Lesgn for (AGARD-CP-428) Avail: NTIS HC A24/MF A01
Operations 9 p (SEE N8O- 11649 03-05) Jun. 1987 Waveriders are being considered more and more as potential
(AGARD-CP-423) Avail: NTIS HC A14/MF A0t aerospace vehicles. However there are several questions regarding

It is argued that the A129 light attack helicopter represents these configurations that must be answered before they can be
the answer to modern and severe operational requirements. The considered viable designs. The most significant problems are
main rotar hub and transmission are described as examples of related to aerothermal heating, propulsion integration, and
unconventional and advanced technology design. The engine off-design performance. Off-design performance predictions for two
installation represents the case of a configuration where the generic waveriders are presented. The results are from a numerical
operative requirement induced a deep physical integration among method based upon the nonlinear, inviscid Euler equations.
the subsystems. The large computer structure, the integrated Comparisons to experimental data are also shown. Author
multiplexing system based on the multiplexing and microprocessor
technologies, constitutes a major example of funclonal integration
between the helicopter and mission subsystem. Author N88-13245*# Maryland Univ., College Park. Dept. of Aerospace

Engineering.
N8-1 1670# McDonnell-Douglas Helicopter Co., Mesa, AZ. NUMERICAL OPTIMIZATION OF CONICAL FLOW WAVERIDERS
Advanced Engineering. INCLUDING DETAILED VISCOUS EFFECTS
APACHE FOR THE BATTLEFIELD OF TODAY AND THE 21ST KEVIN G. BOWCUTT. JOHN D. ANDERSON, JR.. and DIEGO
CENTURY CAPRIOTTI In AGARD, Aerodynamics of Hypersonic Lifting
JAMES B. RORKE In AGARD, Rotorcraft Design for Operations Vehicles 23 p (SEE N88-13219 05-02) Nov. 1967 Sponsored
13 p (SEE N88-11649 03-05) Jun. 1987 in part by NASA Langley Research Office, Hampton. Va. and Army
(AGARD-CP-423) Avail: NTIS HC A14/MF A01 Research Office, Washington, D.C.

The AH-64A Apache is in service with the U.S. Army. The (AGARD-CP-428) Avail: NTIS HC A24/MF A01 CSCL 01A
operational requirements which drove the the design of the Apache A family of optimized hypersonic waveriders is generated and
and caused this particular combination of attributes are studied wherein detailed viscous effects are included within the
documented. The attributes discussed include performance, optimization process itself. This is in contrast to previous optimized
survivability, crashworthiness, transportability, deployability, waverider work, wherein purely inviscid flow is used to obtain the
navigation, target acquisition and weapon systems. Author waverider shapes. For the present waveriders, the undersurface

is a streamsurface of an inviscid conical flowfield, the upper surface
N8S-11672# Agusta S.pA., Milan (Italy). is a streamsurface of the inviscid flow over a tapered cylinder
THE EH-101 INTEGRATED PROJECT: A NAVAL. UTILITY AND (calculated by the axisymmetric method of characteristics), and
COMMERCIAL HELICOPTER SYSTEM the viscous effects are treated by integral solutions of the boundary
PIETRO ALLI, RUGGERO BALDASSARRINI, GIOVANNI layer equations. Transition from laminar to turbulent flow is included
MARZORATI, GIOVANNI PAGLIARO, and LUCIANO ARMITI In within the viscous calculations. The optimization is carried out
AGARD, Rotorcraft Design for Operations 32 p (SEE N88-11649 using a nonlinear simplex method. The resulting family of viscous
03-05) Jun. 1987 hypersonic waveriders yields predicted high values of lift/drag,
(AGARD-CP-423) Avail: NTIS HC A14/MF A01 high enough to break the L/D barrier based on experience with

The Royal Navy and Marina Militare Italians tasked EHI to other hypersonic configurations. Moreover, the numerical
develop a new shipborne helicopter. The two Navies defined a optimization process for the viscous waveriders results in distinctly
common set of requirements related to the basic common different shapes compared to previous work with inviscid-designed
helicopter plus a dedicated different set for each specific mission. waveriders. Also, the fine details of the viscous solution, such as
Concurrently EHI performed autonomous research on the potential how the shear stress is distributed over the surface, and the location
EH 101 civil and utility market, through those analysis EHI came of transition, are crucial to the details of the resulting wavender
to the conclusion that a common basic helicopter could satisfy all geometry. Finally, the moment coefficient vanations and heat
of the requirements even if the roles were sometimes very different. transfer distributions associated with the viscous optimized
The rationale and the trade off approach which were successfully waveriders are studied. Author
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N8-13248# Air Force Wright Aeronautical Labs., NSS-13317# Air Force Wright Aeronautical Labs.,
Wnght-Patterson AFB, OH. Aeromechanics Div. Wright-Patterson AFB. OH. Design Branch.
LIFTING BODIES: AN ATTRACTIVE AERODYNAMIC MISSION REQUIREMENTS AND AIRCRAFT SIZING
CONFIGURATION CHOICE FOR HYPERVELOCITY VEHICLES JAMES L. PARKER In AGARD, Special Course on Fundamentals
ALFRED C. DRAPER and MELVIN L. BUCK In AGARD, of Fighter Aircraft Design 46 p (SEE N88-13315 05-051 Oct.
Aerodynamics of Hypersonic Lifting Vehicles 44 p (SEE N88-13219 1987 Previously announced in IAA as A87-17881
05-02) Nov. 1987 (AGARD-R-740) Avail: NTIS HC A13/MF A01
(AGARD-CP-428) Avail: NTiS HC A24/MF A0l The development of requirements for new fighter aircraft

A brief chronology is given of the lifting body configurations involves defining threats, targets, and air combat scenarios for
investigated by the Flight Dynamics Laboratory, along with their the future. Current fighter requirements emphasize the need for
aeroperformance capabilities including ASSET, PRIME, the X-24A, close-in combat and beyond-visual-range combat capability to
and the X-24B. Also included is a brief discussion of lifting body achieve superiority in the air-to-air role. High sortie rates and the
applications at supercircular velocities such as the SORTIE. The ability to perform air-to-surface missions are also primary
impact of basic geometric and component effects on aerodynamic requirements. Conceptual design and aircraft sizing are used to
performance parameters is addressed. These results were then help define requirements. With conceptual design tools, different
translated into an aerodynamic configuration which eliminates the fighter designs can be sized for different missions. These
aft vertical fins without degrading the hypersonic lift-to-drag ratio configurations allow life cycle cost and effectiveness analysis to
while maintaining directional stability, Additionally, the benefits and he performed, which provide the basis for the definition of the
applicability are examined. Specifically, the more significant requirement to be constrained to a technologically feasible and
methods such as the Hypersonic Arbitrary Body Program (HABP), economically affordable solution. Author
PANAIR, Euler, Paraboized Navier-Stokes (PNS), and
Navier-Stokes (NS) codes are discussed. Experimental capabilities N88-13318# Boeing Military Airplane Development, Seattle.
and needs are discussed and finally, long term goals for future WA.
lifting body configurations are assessed. Author DESIGN OF WINGS AND WING/BODY CONFIGURATIONS FOR

TRANSONIC AND SUPERSONIC SPEEDS
H. YOSHIHARA In AGARD, Special Course on Fundamentals of
Fighter Aircraft Design 19 p (SEE N88-t3315 05-05) Oct. 1987

N88-13315# Advisory Group for Aerospace Research and (AGARD-R-740) Avail: NTIS HC A13/MF A01
Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel. Procedures to design wing/fuselage configurations at transonic
SPECIAL COURSE ON FUNDAMENTALS OF FIGHTER and supersonic conditions are described, This is preceded by an
AIRCRAFT DESIGN introductory section sketching the significant flow features as the
Oct. 1987 290 p Course held in Rhode-St-Genese, Belgium, shock wave and separation patterns for typical fighter wings which
17-21 Feb. 1986, in Athens. Greece. 24-25 Feb. 1986, and in affect the performance, followed by a description of the interference
Ankara. Turkey, 27-28 Feb. 1986 effects due to the fuselage. Author
(AGARD-R-740; ISBN-92-835-t560-9; AD-At92214) Avail: NTIS
HC A13/MF A01 N8-13320# National Research Council of Canada. Ottawa

The Special Course on the Fundamentals of Fighter Aircraft (Ontario). Unsteady Aerodynamics Lab.
was sponsored by the AGARD Fluid Dynamics Panel and the AIRCRAFT DYNAMICS. AERODYNAMIC ASPECTS AND WIND
von Karman Institute and presented at the latter in TUNNEL TECHNIQUES
Rhode-Svint-Genese. Belgium, 17 to 21 February 1986, at the K. J. ORLIK-RUECKEMANN In AGARD. Special Course on
Greek Air Force Academy, Athens, Greece, 24 to 25 February Fundamentals of Fighter Aircraft Design 30 p (SEE N88-13315
1986, and at the ARGE, Ankara, Turkey. 27 to 28 February 1986. 05-05) Oct. 1987
The Course presented a comprehensive review of fundamental (AGARD-Fl-740) Avail: NTIS HC At3/MF A0l
procedures used during a fighter pre-development phase The dynamic behavior of modern fighter aircraft depends more
concentrating on the following: basic mission requirements and and more on unsteady aerodynamics. Until recently, the designer
aircraft sizing; aerodynamic design including performance, stability concentrated on classical problems such as aeroelasticity and
and control; materials, structural optimization and aeroelasticity; flutter. Dynamic stability parameters were most often determined
aircraft dynamics; engine intake and nozzle integration; and airframe by low angle-of-attack calculation methods, without much recourse
store-compatibility. Experimental and theoretical work has been to experiment. The results obtained from the few dynamic
demonstrated to play complementary roles and, in conclusion, experiments performed were used to confirm the absence of
recommendations are given for future development of engineering problems rather than as design parameters. New requirements for
tools. For individual titles, see N88-13316 through N88-13327. fighter aircraft performance include the ability to fly at high angles

of attack in the presence of extensive regions of separated or
vortical flows, relaxed static stability, greatly increased agility, and
an interest in unorthodox geometries such as closely-coupled-

N8-13316# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich canard or tail-first configurations. The time lags and un-
(Germany, F.R.) Helicopter and Military Aircraft Div. steady phenomena associated with flow fields resulting from
FUNDAMENTALS OF FIGHTER AIRCRAFT DESIGN rapid maneuvers and large amplitude motions significantly affect
P. W SACHER In AGARD, Special Course on Fundamentals of the dynamic behavior of modern fighter aircraft and become as
Fighter Aircraft Design 5 p (SEE N88-13315 05-05) Oct. 1987 important for aircraft design as the classical static performance
(AGARD-R-740) Avail: NTIS HC A13/MF A01 criteria. A review is made of the various aerodynamic aspects

Following the technical program of the AGARD Fluid Dynamics affecting aircraft dynamic behavior, followed by a survey of the
Panel (FDP) for the past few years, the aeronautical engineer has most pertinent experimental techniques.
found many subjects related to a special technical discipline and
directed to industrial applications. But in nearly all cases the NB-13321# Avions Marcel Dassault-Breguet Aviation,
analysis of given geometry by experimental or theoretical Saint-Cloud (France). Div. des Etludes Avancees
techniques has overruled the more important engineering task, TECHNIQUES FOR PERFORMANCE OPTIMISATION IN CRUISE
ie. the design of a new shape which has desired properties. But AND MANOEUVERABILITY
in all cases concerning successful flying aircraft the result of PIERRE PERRIER In AGARD, Special Course on Fundamentals
engineerinq work has been a design compromise achieved by the of Fighter Aircraft Design 12 p (SEE N88-13315 05-05) Oct
ruifful cooperation of all technically relevant disciplines. Therefore, 1987

one of the most important intentions of this course has been to (AGARD-R-740) Avail NTIS HC A13/MF A01
atiract people from different aeronautical disciplines, working in The design of a combat aircraft cannot be left to trial and
industry and research institutes, and to look for links within the error design when a definite performance target is precisely defined,
different branches of aerodynamics such as Wind Tunnel Test It is obvious that there is a large variation in the possible
Techniques. Computational Fluid Dynamics, Vortex Dynamics, aerodynamic aircraft shapes having the internal volume required
Unsteady Aerodynamics. Viscous Flow Drag Prediction, and their for fuel, engine, equipment and weapon system accommodation
impact on designing aircraft components. Author Among all possible shapes, the best aircraft will have definite
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advantages over a poor design in terms of performance for a be simple to service and maintain. Discussed are some of the
gien cost or in terms of cost for given performance. The best new materials and production processes available for use on
aerodynamic definition need no longer be left to the designers in advanced fighter aircraft. Comparisons are made between the
the design office when efficient theoretical-experimental processes advanced light alloys now becoming available (i.e.. aluminum-
of optimization are available in the aircraft industry. Presented is lithium), and the latest intermediate modulus fibers for use in carbon
the state of the art of the reflection and application of optimizaton. fiber components. Author
i.e., the latters targets and tools, and some results and perspectives
in combat aircraft design are reviewed. Author

NSB-13322# Office National d'Etudes et de Recherches N8W-13326# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
Aerospatiales, Paris (France). (Germany, FR.). Helicopter and Military Aircraft Div.
FUNDAMENTALS OF FIGHTER AIRCRAFT DESIGN: ENGINE THE ROLE OF EXPERIMENTAL INVESTIGATION AND
INTAKE AND AFTERBODY COMPUTATIONAL FLUID DYNAMICS DURING FIGHTER
J. LEYNAERT In AGARD, Special Course on Fundamentals of AIRCRAFT DESIGN
Fighter Aircraft Design 39 p (SEE N88-13315 05-05) Oct. 1987 P. W. SACHER In AGARD, Special Course on Fundamentals ofPreviously announced in IAA as A87-21014 Fighter Aircraft Design 26 p (SEE N88-13315 05-05) Oct. 1987

(AGARD-R-740) Avail: NTIS HC A13/MF A01 (AGARD-R-740) Avail: NTIS HC A13/MF A01
Basic conditions, study parameters, and various solutions of In a discussion of the role of experimental investigation and

fighter intake and afterbody (except VITOL) are reviewed. Airhame computational fluid dynamics in fighter aircraft design the following
integration and intake adaptation to the flight Mach number are topics are reviewed: (1) two ways to simulate compressible
discussed. The following topics of intake flow are analyzed: buzz flowfields, advantages versus disadvantages of numerical and
phenomena, internal bleed flow, high incidence, low speed, mean experimental investigations; (2) general trends in time/speed and
flow, distortion index, and unsteady distortion. The afterbody costs in experiment and computation; (3) state of the art in
discussion covers variable geometry, thrust vectoring, and reverse, numerical aerodynamics; (4) model for numerical simulation; and
Wind tunnel test techniques are also described. Author (5) applications and typical results. In a discussion of wind tunnel

technology, the following topics are examined: (1) results from
N8813323# British Aerospace Public Ltd. Co., wind tunnel/critical review; (2) effect of Reynolds number: (3) wind
Kingston-upon-Thames (England). tunnel effects; (4) the role of CFD during wind tunnel testing; and
AIRFRAME/STORE COMPATIBILITY (5) the role of wind tunnels during configuration development In
C. L. BORE In AGARD, Special Course on Fundamentals of conclusion, it is felt that the computer is not about to replace the
Fighter Aircraft Design 27 p (SEE NBB-13315 05-05) Oct. 1987 wind tunnel, the rote of computers is a complementary one to
(AGARD-R-740) Avail: NTIS HC A13/MF A01 save time and costs and to improve the quality of the final

By considering the various parameters dominating the value of product. F.M.R.
a fighter air force, those terms cin be isolated which respond to
influences of store release features. It is shown that stores affect
the transport capacity of the air force through the lift/drag ratio, N88-13327# Office National d'Etudes et de Recherches
the availability factor through the agility term, and the target-killing Aerospatiales, Paris (France). Aerodynamic Dept.
factor through the delivery accuracy term. The physical effects of REQUIREMENTS AND RECOMMENDATIONS FOR THE
store installation are then examined, and ways identified to minimize DEVELOPMENT OF THEORETICAL CODES AND
undesirable effects. Thus, drag prediction and drag reduction are EXPERIMENTAL FACILITIES IN THE NEAR FUTURE
considered in some depth. The effects of drag on the agility of B. COSTES In AGARD, Special Course on Fundamentals of
the aircraft are examined and stability and flutter effects are Fighter Aircraft Design 15 p (SEE N88-13315 05-05) Oct. 1987
reviewed. Store release conditions are reviewed. Finally, some (AGARD-R.740) Avail: NTIS HC A13/MF A01
recent approaches to store/airframe integration are considered. In order to properly use all available tools, the aircraft designer

Author has to be acquainted with both their good qua"'ies and
shortcomings. This guides the improvement studies in a cntextN88-13324# Messerschmitt-Bolkow-Blohm G.m.b.H., Munich characterized by the following: the general development of me

(Germany, F.R.). Helicopter and Military Aircraft Group. potential of methods and calculation means, wind tunnels and
AEROELASTICITY AND OPTIMIZATION IN FIGHTER AIRCRAFT relevant instrumentation; the new requirements for aircraft
DESIGN performance and the ever-growing industrial risks. The incoming
H. GOEDI.:l and H. HOERNLEIN In AGARD, Special Course on developments for various levels of calculation codes, used for an
Fundame -is of Fighter Aircraft Design 15 p (SEE N88-13315 industrial design or for fundamental research are examined. Also,
05-05) C ... 1987 the improvements needed for wind tunnels and testing methods
(AGARD-R-740) Avail: NTIS HC A13/MF A01 are examined, depending on the character of the studies to be

Constraint functions and their differentiations are given for the carried out. Examples permit a definition of the present state of
most interesting physical disciplines of structural optimization and the art and an examination of the improvements under study which
well-known optimization techniques are mentioned. Because of may be exploitable in the not too distant future. Author
the growing signiticances of iterative methods a large space has
been conceded to the iterative solution of linear equation systems
and its use in various algorithms. It is shown that big computer
time saving effects would be achieved if the special characteristics N88-1888# Advisory Group for Aerospace Research and
of the physical formulation could be exploited mathematically. Development, Neuilly-Sur-Seine (Frani.e).

Author SOME ASPECTS OF AIRCRAFT DYNAMIC LOADS DUE TO
FLOW SEPARATION

N81-13325# British Aerospace Public Ltd. Co., Preston D. G. MABEY (Royal Aircraft Establishment, Farnborough,
(England). England) Feb. 1988 33 p Presented at the 65th Meeting of the
MATERIALS FOR FIGHTER AIRCRAFT Structures and Materials Panel of AGARD, Cesme. Turkey, 4.9
R. J. SELLARS In AGARD, Special Course on Fundamentals of Oct. 1987
Fighter Aircraft Design 17 p (SEE N88-13315 05-05) Oct. 1987 (AGARD-R-750; ISBN-92-835-0445-3; AD-A194170) Avail: NTIS
Sponsored in part by Ministry of Defence, United Kingdom HC A03/MF A01
(AGARD-R-740) Avail: NTIS HC A13IMF A01 Various topics associated with the study of Aircraft Dynamic

Of the many important decisions to be made during the initial Loads due to Flow Separation are discussed in this AGARD paper.
conception and design of advanced fighter aircraft, one of the Topics discussed include the need for consistent definitions of
most critical is that made by the materials engineer. Together buffet and buffeting, the advantages of consistent notation for all
with the designer, he wifi recommend the type of material to be the papers, buffeting due to wings and other components. the
incorporated into the aircraft's structure. Such recommendations, alleviation of buffeting, the special difficulties of flight tests and
white respecting the criteria of minimum mass and minimum cost, the special advantages of buffeting measurements in cryogenic
must also ensure that the structure will possess a long life and wind tunnels. Author
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N88-19449# Advisory Group for Aerospace Research and NE8-19453# Royal Aircraft Establishment, Farnborough (England).
Development, Neuilly-Sur-Seine (France). Structures and Materials Materials and Structures Dept.
Panel. STRUCTURAL DESIGN REQUIREMENTS FOR AIRCRAFT
WORKSHOP ON DESIGN LOADS FOR ADVANCED FIGHTERS INCORPORATING ACTIVE CONTROL TECHNOLOGY
Feb. 1988 133 p In ENGLISH and FRENCH Workshop held M. J. KILSHAW and A. W, CARDRICK In AGARD. Workshop on
in Madnid. Spain, 27 Apr. - 1 May 1987 Design Loads for Advanced Fighters 7 p (SEE N88-19449 12-05)
(AGARD-R-746; ISBN-92-835-0442-9; AD-At94869) Avail: NTIS Feb. 1988
HC A07/MF A0l (AGARD-R-746) Avail: NTIS HC A07/MF A01

The design of the modern fighter aircraft is becoming an The special structural design and certification requirements that
increasingly complex process, and the establishment of design are needed for military aircraft incorporating active control
criteria is an extremely important element in that process. The technology (ACT) are considered. United Kingdom requirements
Structures and Materials Panel of AGARD has noted that the are introduced which cover static strength, fatigue performance,
existing design maneuver load regulations in the North Atlantic aeroelesticity, and the need to assess the influence of modifications
Treaty Organization (NATO) nations are not uniform in content to ACT software. The requirements draw attention to the essential
and generally do not reflect the actual service experience of the role of flight load measurements undertaken during both
aircraft. This workshop focuses on these problems For individual development and operational flying in the process of structural
titles, see N88-19450 through N88-19459. substantiation. Author

N88-19450# Bundesamt fuer Wehrtechnik und Beschaffung,
Munich (Germany. F.R.).
THE DEVELOPMENT OF MANOEUVRE LOAD CRITERIA FOR NBS-19454# Messerschmitt-Boelkow-Blohm G.m.b.H., Bremen
AGILE AIRCRAFT (Germany, F.R.).
MAX HACKLINGER In AGARD. Workshop on Design Loads for THE RELATIONSHIP BETWEEN OPERATIONAL FLIGHT
Advanced Fighters 9 p (SEE N88-19449 12-05) Feb. 1998 MANOEUVRE PARAMETERS AND DESIGN PARAMETERS
(AGARD-R-746) Avail: NTIS HC A07/MF A01 H. STRUCK and H. BALKE In AGARD. Workshop on Design

The maneuver loads part of aircraft design has evolved from Loads for Advanced Fighters 18 p (SEE N88-19449 12-05) Feb.
a relatively clean cut, predetermined analysis to a long iterative 1988
process which gradually utilizes flight test information to expand (AGARD-R-746) Avail: NTIS HC A07/MF A01
the flight envelopes. It is a process that is also much more The philosophy of the relevant design requirements and the
demanding because i' involves the reliability of the flight control essential load parameters for the maneuver load conditions.
system (FCS) in proving structural integrity. The conclusions of including the determination of the control displacements
the study were that: there is no consistent set of airworthiness corresponding to the design requirements, is reviewed. As tar as
criteria which fully covers maneuver loads of agile aircraft; attempts the operational load parameters are concerned, numerous data
to update the existing criteria to embrace the vast possibilities of have been recorded for the normal load factor, but only a few for
active control systems (ACT) are only partially successful; proof the other main load parameters, e.g., lateral load factor, roll rate.
of airworthiness of aircraft with ACT has become more demanding etc. These data are usually evaluated as cumulative frequency
since the load influencing functions of the FCS are directly safety distributions. The envelope of such normal load factor spectra
critical and must be analyzed for failure to the same quantitative shows a large scatter depending on the aircraft and its usage.
criteria as the structure itself; the existing cntena can and should For future design work, an approach to the evaluation of operational
be used for initial design to define the airframe; certification needs maneuvers is presented. In this analysis, the maximum values of
to become adaptive to reflect a long period of testing and FCS the main load parameters needed, i.e., normal and lateral load
changes. Author factor, roll rate and bank angle, can be determined. The extreme

operational loads on the structural components have been derived
by applying a maneuver model and compared with the design

NBS-19451# Aerospace Medical Research Labs., values. Author
Wright-Patterson AFB. OH.
FIGHTER DESIGN FOR HUMAN LOAD LIMITS
H. E. VONGIERKE and R. E. VANPATTEN In AGARD. Workshop
on Design Loads for Advanced Fighters Design Loads for Advanced
Fighters 7 p (SEE N88-19449 12-05) Feb. 1988 N85-19455# British Aerospace Public Ltd. Co.
(AGARD-R-746) Avail: NTIS HC A07/MF A01 Kingston-upon-Thames (England). Flight Mechanics Group.

Recent studies have shown that current first line fighters (F-15. MANOEUVRES BY DEFAULT. BY DEMAND AND BY DESIGN
F-16) are being flown at very high levels of sustained acceleration E. J. DALLEY and C. D. S. CLARKSON (British Aerospace Public
with onset rates sufficiently high to provoke the unique physiological Ltd. Co.. Brough. England I In AGARD. Workshop on Design
dangers inherent in rapid onset acceleration exposures. The loss Loads tot Advanced Fighters 16 p (SEE N8k-9449 1 2-0) Feb
of nine aircraft through G-induced loss of consciousness has been 1988
acknowledged as a result of this type of acceleration environment.
Approximate maneuvering G levels versus engagement duration (AGARD-R-746) Avail: NTIS HC AO7/MF A01
are shown in graphic form Author The use of strain gage bridges for the derivation of aircraft

maneuver loads is reviewed in the context of a recent load
measuring flight trial on a TMk4a Harrier. Some of the pitfalls
encountered in the method used for calibration of the gages and

N88-19452# Aeronautical Systems Div., Wright-Patterson APB. their location are discussed. A comparison is made between the
OH. Loads and Dynamics Branch. aircraft behavior/load patterns expected at the design stage and
CHANGES IN USAF STRUCTURAL LOADS REQUIREMENTS the flight results obtained when these maneuvers are flown on
DANIEL SHEETS and ROBERT GERAMI In AGARD. Workshop the aircraft. The applicability of these statutory aircraft design
on Design Loads for Advanced Fighters 12 p (SEE N88-19449 requirement type maneuvers is explored ty comparison with
12-05) Feb. 1988 maneuvers flown during Hamer development/operational flying
(AGARU-R-746) Avail NTIS HC A07/MF A0t where flap, thrust vectoring and reaction control power have been

The new specification. Mil-A-87221. will allow design used to enhance the maueuver envelope. Here emphasis shifts
requirements to be more closely tailored to the anticipated use of from determining or confirming design load levels to ensuring that
the aircraft. In this way the final product will be mole efficient. the known structure strength boundaries are observed Conclusions
with less wasted, unneeded, and unused capabilities This will are drawn as to the adequacy o present statutory design
lead. in turn, to reduce costs of ownership for Air Force weapon requirements. The need for accurate reliable calibrated load
systems This specification has been applied to the definition of measurement in both the aircraft's development and operational
requirements for the Advanced Tactical Fighter Author stages is demonstrated. Author
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NS-19456# Saab-Scania, Linkoping (Sweden). N8S-26362# Advisory Group fur Aerospace Research and
DESIGN LOADS FOR SWEDISH MILITARY AIRCRAFT IN A Development, Neuilly-Sur-Saine (France).
TWENTY YEARS' PERSPECTIVE FLIGHT MECHANICS PANEL SYMPOSIUM ON ROTORCRAFT
GOESTA TOERNKVIST and JAN KLOOS In AGARD. Workshop DESIGN FOR OPERATIONS TECHNICAL EVALUATION
on Design Loads for Advanced Fighters 5 p (SEE N88-19449 REPORT
12-05) Feb. 1988 F. REINA (Agusta Sistemi S.pA.. Varese, Italy I Mar. 1988
(AGARD-R-746) Avail: NTIS HC A07/MF A01 17 p Symposium held in Amsterdam, Netherlands. 13-16 Oct

The Swedish Vigger aircraft was designed according to Swedish 1986
regulations which had matured over a long penod of time. The (AGARD-AR-243; ISBN-92-835-0450-X: AD-A195893) Avail:
design phase is discussed as well as the need for usage data NTIS HC A03/MF A01
when the aircraft was in service. When the latest Swedish advanced The expanding roles of the helicopter and the intensified threat
military aircraft, the JAS39, was planned, it was the intention of perceived by its potential users have led to proposals for future
the designers to use the US military specifications with minor rotorcraft with characteristics significantly different from existing
changes. The experience during the design phase is discussed. types. The resulting rapid evolution of rotorcraft configurations. in

Author response to user demands, now requires a translation into design
criteria to permit the aerospace research and development
community to provide appropriate and cost effective responses toNB8-19457# Avions Marcel Dasssilt. Saint-Cloud (France). these demands. The objective of this symposium is to explore the

DETERMINATION OF DESIGN LOADS FOR MODERN impact of operational needs on the evolution of rotorcraft design
COMBAT AIRCRAFT [DETERMINATION DES CHARGES DE and to identity priorities and neglected topics. Three specific issues
OIMENSIONNEMENT DES AVIONS DE COMBAT ACTUELS] are central to this problem: (1) the translation of operational mission
C. PETIAU In AGARD. Workshop on Design Loads for Advanced requirements into design cnteria (2) the evaluation of techniques
Fighters 7 p (SEE N88-19449 12-05) Feb. 1988 In FRENCH to incorporate user defined needs into the design and methods of
(AGARD-R-746) Avail: NTJS HC A07/MF A01 test and verification; and (3) the identification of design areas

The simultaneous use of sophisticated servocontrols and where unusual or new user needs are demanding special or radical
electric flight control systems in modern combat aircraft has led features. All papers were obtained by invitation. The Conference
to revisions in the classical standards governing the selection of Proceedings, commissioned by the AGARD Flight Mechanics Panel
structural design loads. New guidelines for the determination of are published separately as AGARD CP 423. This Advisory Report
design loads are suggested and their application is discussed with was prepared at the request of the Flight Mechanics Panel of
reference to structural design optimization techniques, flight AGARD. Author
mechanics, structural weight and aircraft flight characteristics.

Author

N8.-1949# Ilndustrieanlagen-Betriebsgesellschaft m,bH.,
Ottobrunn (Germany, F.R.(.
MANNED SIMULATION: HELPFUL MEANS TO DETERMINE AND N88-27185# Advisory Group for Aerospace Research and
IMPROVE STRUCTURAL LOAD CRITERIA Development, Nesilly-Sur-Seine (France).
ROLF BEHRMANN In AGARD. Workshop on Design Loads for DESIGN MANUAL FOR IMPACT DAMAGE TOLERANT
Advanced Fighters 18 p (SEE N88-19449 12-05) Feb. 1988 AIRCRAFT STRUCTURE, ADDENDUM
(AGARD-R-746) Avail: NTIS HC A07/MF A01 M. J. JACOBSON (Northrop Corp., Hawthorne. Calif) Mar 1988

The evaluated data show, that a manned simulation in a 36 p
scenario with its data recording and evaluation can help to optimize (AGARD-AG-238-ADD; ISBN-92-835-0443.7; AD-A196775) Avail
the structural design load envelope by recording the occurrence NTIS HC A03/MF A01
of given parameters in various types of air combat, It is also a In 1981 the Structures and Materials Panel of AGARD published
means to optimize the structural envelope in relation to the a design manual for Impact Damage Tolerant Aircraft Structures
operational envelope under the aspect of carefree handling. After (AG 238). Since that date, there have been significant advances
correlation of flight trials with manned simulation, it can provide in design to resist impact damage. The Panel has therefore
inputs to update the specifications relevant to future missions, considered it appropriate to record this information In an addendum

Author to the AGARDograph. This Addendum has been prepared at the
request of the USAF for presentation to the Structures and
Materials Panel of AGARO. Author

N88-23129# Tracor Hydronautics, Inc., Laurel, MD.
AN EXPERIMENTAL STUDY TO DETERMINE THE FLOW
AND THE SUBSONIC STATIC AND DYNAMIC STABILITY
CHARACTERISTICS OF AIRCRAFT OPERATING AT HIGH
ANGLES-OF-ATTACK
ALEX GOODMAN and CLINTON E. BROWN In AGARD. NOS-27193# Advisory Group for Aerospace Research and
Aerodynamic and Related Hydrodynamic Studies Using Water Development, Neuilly-Sur-Seine (France).
Facilities 28 p (SEE N88-23125 16-34) Jun. 1987 AGARD STANDARD AEROELASTIC CONFIGURATIONS FOR
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 DYNAMIC RESPONSE. 1: WING 445.6

A comprehense series of experiments was conducted in the E CARSON YATES. JR (National Aeronautics and Space
Tracor Hydronautics Ship Model Basin (HSMB) to determine the Administration. Langley Rasearch Center, H-.rmpton. Va.) Jul
subsonic static and dynamic stability characteristics of a 3.5-foot 1988 82 p Presented at the 61st Meeting of the Structures
span, 60.deg delta-high-wing fuselage model operating at high and Materials Panel at Oberammergau, Fed Republic o Germany.
angles-of-attack up to 68 deg. In addition, typical results of flow 8-13 Sep. 1985
visualization studies for a range of Reynolds numbers from 0.2 to (AGARD-R-765; ISBN-92-835-0463-1 AD-A199433) Avail: NTIS
1.6 x 10 to the 6h are presented. Also, the motions, force and HC A05/MF A01 CSCL 01C
moment coefficients resulting from a simulated prtchup maneuver This report contains experimental flutter data for the AGARD
are presented. Described is the HSMS Large Amplitude Horizontal 3-0 swept tapered standard configuration Wing 445.6, along with
Planar Motion Mechanism System (LAHPMM), 60-deg related descriptive data of the model properties required for
delta-wing-fuselage model, modef-suppor systems, and the data comparative flutter calculations. As part of a cooperative
acquisitios, and processing system used The advantages of AGARO-SMP program, guided by the Sub-Committee on
performing tests in the HSMB using the LAHPMM technique over Aeroelasticity, this standard configuration may serve as a common
existing wind tunnel techniques, such as curved flow and combined basis for comparison of calculated and measured aeroelastic
oscillation, for determination of the dynamic stability derivatives behavior. These comparson, will Promote a better understanding
are presented and discussed. Results compare favorably with of the assumptions, approximations and limitations underlying the
earlier (19501 tests of a similar configuration at angles of attack various aerodynamic methods applied, thus pointing the way to
up to 32 deg. Author further improvements. Author
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N88-28067# Aircraft Research Association Ltd.. Bedford gust design requirements from various certifying agencies are
(England). reviewed A brief discussion is also provided on the methods
TRANSPORT-TYPE CONFIGURATIONS employed to include the effect of the L-10 11 Tsstar active controls
A B. HAINES and A ELSENAAR (National Aerospace Lab., wing load alleviation system on the loads due to corrective roll
Amsterdam. Netherlands) In AGARD, Boundary Layer Simulation control in turbulence. Author
and Control in Wind Tunnels p 139-163 (SEE N68-28857 23-01)
Apr 1988
(AGARD-AR-224) Avail: NTIS HC A20/MF A01 NBS-29722# Messerschmitt-Boelkow-Blohm G.m.b.H, Hamburg

Various reasons can be advanced for treating transports as a (Germany, F.R.). Civil and Transport Aircraft Div.
separate, distinct class of aircraft for the purpose of defining a COMPARISON OF THE INFLUENCE OF DIFFERENT GUST
detailed viscous simulation methodology. The detailed methodology MODELS ON STRUCTURAL DESIGN
as described was based on past experience arid an appreciation MANFRED MOLZOW In AGARD. The Flight of Flexible Aircraft
of how the advances in computational fluid dynamics can be in Turbulence: State-of-the-Art in the Description and Modelling of
exploited to place the methodology on a more scientific basis. It Atmospheric Turbulence 17 p (SEE N88-29717 24-01) Jun.
is recommended that, to gain experience, the proposed 1988
methodology should be applied for a significant period in parallel (AGARD-R-734-ADD) Avail: NTIS HC A06/MF A01
with whatever is the established practice. Any large differences in Depending on the country of certification, different gust models
the extrapolated results should be assessed to find whether the and means of compliance of the airworthiness requirements have
reasons justify departure from existing practce: in other words, to be covered in structural design of civil transport aircraft. The
the methodology that was set forth should be better, being on a influence on aircraft design from gust models, aircraft modeling,
sound scientific basis, but it will still have to prove itself in the and control systems and laws is demonstrated on example of a
future. Author short to medium range transport aircraft. Recommendations for

future harmonized approaches in gust methods and modeling are
N88-2S868# Aircraft Research Association Ltd., Bedford given. Author
(England).
COMBAT AIRCRAFT
A. B. HAINES In AGARD. Boundary Layer Simulation and Control N88-29738# National Aerospace Lab., Amsterdam
in Wind Tunnels p 164-190 (SEE N88-2857 23-01) Apr. 1988 (Netherlands).
(AGARD-AR-224) Avail: NTIS HC A20/MF A01 LOW-SPEED LONGITUDINAL FLYING QUALITIES OF MODERN

Devising a viscous simulaton methodology for model tests of TRANSPORT AIRCRAFT
a combat aircraft design is more difficult than for a subsonic H. A. MOOIJ In AGARD, Advances in Flying Qualities 16 p
transport. The geometry is more complicated and hence, more (SEE N88-29735 24-01) May 1988
difficult to model for a computational fluid dynamics (CFO) (AGARD-LS-157) Avail: NTIS HC A09/MF AO1
calculation: the flow patterns are more complex and can contain The suitability of an aircraft with respect to human control is
various interacting features; there is more interest in the determined by its handling qualities. In modern transport aircraft
development of the flow beyond the buffet-onset boundary; the the handling qualities are determined to a high degree by the
ability to manipulate the boundary layer in the model tests is more flight control system. An introduction to the following aspects of
limited. The emphasis in the methodology rests on the in-depth closed loop flight control systems for modern transport aircraft is
study of the flow patterns and, in particular, the identification of given: stabilization and maneuvering functions, candidate
the scale-sensitive viscous effects in the flow patterns over the implementation forms, manipulators for flight control, and
model under test. The description of these flow patterns and of mathematical representations of the airframe/flight control system
how, in principle, to construct a methodology to meet the various combination required for prediction and evaluation purposes.
possible situations, is based on past experience and on an Regarding criteria for good handling qualities of transport aircraft,
awareness of the advances in CFD methods. Author the terminal flight phase (takeoff, initial climb, final approach and

N88-29720# National Aerospace Lab., Emmeloord landing) are of prime interest. A treatise on a number of promising

(Netherlands). quantitative criteria for transport aircraft equipped with advanced
MATCHING P.S.D.: DESIGN LOADS flight control systems is given. Two groups of criteria are

R. NOBACK In AGARD, The Flight of Flexible Aircraft in distinguished: criteria based on the dynamic charactenstics of the
Turbulence. State-of-the-Art in the Description and Modelling of aircraft alone and criteria based on the dynamic characteristics of
Atmosphenc Turbulence 12 p (SEE N88-29717 24-01) Jun. the pilot/aircraft closed loop system. In the latter cabe, a988 Sponsored by the Netherlands Agency for Aerospace quasi-linear describing function for the human controller behavior

Programs is used. Author

(AGARD-R-734-ADD) Avail: NTIS HC A06/MF A01
A method to match loads obtained with the Design Envelope

criterion of the power spectral density method is presented, N88-29739# Systems Technology. Inc., Hawthorne, CA.
Consistent sets of design load conditions can be generated using ADVANCES IN FLYING QUALITIES: CONCEPTS AND CRITERIA
the correlation coefficients between the loads. Two of these sets FOR A MISSION ORIENTED FLYING QUALITIES
are proposed for practical use. Author SPECIFICATION

ROGER H. HOH In AGARD, Advances in Flying Qualities 28 p
N8-29721# Lockheed Aeronautical Systems Co., Burbank, CA. (SEE NB-29735 24-01) May 1988
Dynamic Loads Div. (AGARD-LS-157) Avail: NTIS HC A09/MF A01
A SUMMARY OF METHODS FOR ESTABLISHING AIRFRAME There has been considerable activity over the past a years to
DESIGN LOADS FROM CONTINUOUS GUST DESIGN upgrade the military flying qualities specifications for conventional
CRITERIA aircraft, as well as for V/STOLs and helicopters. The primary
RICHARD N. MOON In AGARD, The Flight of Flexible Aircraft objectives of these upgrades has been to account for the use of
in Turbulence: State-of-the-Art in the Description and Modelling of high gain, high authority augmentation, and to more directly reflect
Atmospheric Turbulence 40 p (SEE NO8-29717 24-01) Jun. the requirements of the intended missions into the specifications.
1988 The methodologies developed to accomplish the latter objective
(AGAR[i-R-734-ADD) Avail: NTIS HC A06/MF A01 are summanzed. A brief overview of the Lower Order Equivalent

Continuous gust design criteria for airframe design are specified Systems and Bandwidth criteria follows. Problems with the
in FAR 25, JAR 25 and various U.S. military specs. Two forms of specification of control sensitivity, and potential solutions are then
criterion, the design enveloie approach and the mission analysis, discussed, followed by a brief presentation of the use of time vs
are usually referenced as an acceptable means of compliance, frequency domain criteria, An empirical method to combine the
However, these cnteria do not provide methods of applying the Cooper-Harper Handling Qualities Ratings (HORs) from each axis
statistical results of the airframe manufacturer. subject to approval of control into an overall rating is then presented. Finally, a
of the certifying agency. Some of the methods that are currently proposed specification for precision flare and landing is given.
used by U S airframe manufacturers are summanized. Continuous followed by an example application of the method. Author
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N88-29740# Air Force Wright Aeronautical Labs., N89-12564# Advisory Group for Aerospace Research and
Wnght-Patterson AFB. OH. Development. Neuilly-Sur-Seine (France).
A SECOND LOOK AT MIL PRIME FLYING QUALITIES GUIDANCE AND CONTROL/FLIGHT MECHANICS PANELS
REQUIREMENTS JOINT SYMPOSIUM ON THE MAN-MACHINE INTERFACE IN
ROBERT J WOODCOCK In AGARD. Advances in Flying Qualities TACTICAL AIRCRAFT DESIGN AND COMBAT AUTOMATION
15 p (SEE N88-29735 24-01) May 1988 TechniIal Evaluation Report
(AGARD-LS-157) Avail: NTIS HC A09/MF A01 RUDIGER SEIFERT (Messerschmitt-Boelkow-Blohm G.m.b H_

Current and projected applications of flying qualities critena Munich. West Germany ) 1988 21 p Symposium held in
are addressed. The current state of the art, its deficiencies, and Stuttgart. Federal Republic of Germany, 28 Sep. - 1 Oct. 1987
needs for further work are addressed. The rationale for the new (AGARD-AR-249) Avail: NTIS HC A03/MF A01
US. Military Standard and Handbook on flying qualities is briefly A Keynote address and thirty-one papers were presented at
discussed. With advanced vehicles, the scope of flying qualities is the Joint Guidance Control Panel/Flight Mechanics Panel
expanding, opening new areas to investigate and creating new Symposium, held in Stuttgart, Germany from 28 September to 1
problems. With relaxed static stability now commonly used, control October 1987, under the following headings: Combat scenarios
margin is a prime safety consideration control must be available and mission segment requirements: Human capabilities and
for stabilization, maneuvering and recovery from any possible limitations; Technological capabilities and limitations of combat
attitude, as well as for trim. Flying qualities aspects of agility include automation; Crew station implementation: System integration The
the need for nonlinear flying qualities metrics. and control systems Keynote Address and twenty-five papers are published in CP-425
that provide both rapid maneuvering and good damping for tight (one paper was not available at time of printing) and the four
tracking. For all aspect engagement, the pilot needs to be remaining classified papers are included in CP-425(Supplement).
thoroughly integrated with displays, automatic flight control modes Author
and other systems. For dynamic longitudinal flying qualities,
MIL-STD 1797 presents the Control Anticipation Parameter of an
equivalent classical system as a primary criterion, but gives several
alternatives in recognition of other problems. Author

N89-17691# Saab-Scania. Linkoping (Sweden)
AN ANALYSIS METHOD FOR BOLTED JOINTS IN PRIMARY
COMPOSITE AIRCRAFT STRUCTURE
INGVAR ERIKSSON In AGARD, Behaviour and Analysis of

N89-10056# Societe Nationale Industrielle Aerospatiale, Paris Mechanically Fastened Joints in Composite Structures 19 p (SEE
(France). Tactical Missile Div. N89-17685 10-31) Mar. 1988 Prepared in cooperation with
SIMULATION WITH REAL ELEMENTS OF EXOCET ANTI-SHIP Royal Inst. of Tech., Stockholm (Sweden).
MISSILES [SIMULATION AVEC ELEMENTS REELS DES (AGARD-CP-427) Avail: NTIS HC A14/MF A01
MISSILES ANTI-NAVIRES EXOCETI The analysis of bolted joints in composite structure requires.
CHRISTIANE RENON, GUY LEGALLO, and GERARD SELINCE like structural analysis in general, methods for determining the
In AGARD, Guidance and Control Systems Simulation and stress distnbutions and relevant failure criteria. The stress analysis
Validation Techniques 9 p (SEE N89-10048 01-08) Jul. 1988 procedure discussed here starts by addressing the joints as an
In FRENCH integrated part of the overal, structure. The stresses in the vicinity
(AGARD-AG-273) Avail: NTIS HC A07/MF A01 of the hole boundary are obtained thiough a series of finite element

Simulation res, ts gained on the first 1500 production anti-ship analyses, which starts with ari overall load distribution analysis
missiles of the EXOCET family (MM 38, MM 40, AM 39, SM 39) and ends with a two-dimensional detailed contact stress analysis
are presented. After describing the simulation facilities of the of the most highly stressed region in the joint. Strength is predicted
tactical missile division of Aerospatiale and in particular Subdray for two basic failure modes occurring in a joint, net-tension and
facility located near Bourges in France, the role of simulation is bearing failure. The failure hypotheses for these failure modes
shown from the beginning of the project, through development up are described. Both the stress analysis and failure hypotheses
to the production of the missiles. The advantage of such simulation are performed and established, respectively under certain
during the production phase is emphasized. It is used to improve idealizations. The conditions in a real joint in an aircraft may differ
the quality of missiles, to gain knowledge useful for the development from these idealizations. Hence, further work is required and is
of new versions and as a quality insurance method during also proposed here. The analysis procedure described here is
production Author based on today's powerful computer facilities and offer great

advantages compared with more empirical procedures The
procedure is presently used at Saab Aircraft Division. Author

N89-10057# Rockwell International Corp., Columbus. OH.
HELLFIRE SYSTEM MODEL VALIDATION
R V HUPP In AGARD. Guidance and Control Systems Simulation N89-17693# Dornier-Werke G.m.b.H., Fnednchshate,. (Germany,
and Validation Techniques 13 p (SEE N89-10048 01-08) Jul. F.R.). Technology Programs.
1988 TYPICAL JOINTS IN A WING STRUCTURE
IAGARD-AG-273) Avail: NTIS HC A07/MF A01 DIETER ROSE. MANFRED ROTHER. and HELMUT SCHELLING

The hybnd simulation facilities, system modeling, and validation (Deutsche Forschungs- und Versuchsanstalt fuer Luff- und
process for a U.S. Army missile development program are Raumfahrt, Stuttgart, Germany, F.R I In AGARD. Behaviour and
discussed Two fundamental problems in missile syntem design Analysis of Mechanically Fastened Joints in Composite Structures
and development require an accurate, valid, proven computer 14 p (SEE N89-17685 10-31) Mar. 1988
simulation: analysis of errors and performance verification. The (AGARD-CP-427) Avail: NTIS HC A14/MF A01
classical approach to error analysis ;s by Monte Carlo simulation. For the development of the Alpha-Jet carbon fiber reinforced
System performance over the entire spectrum .,f operating plastic (CFRP) wing. typical connections between different
conditions cannot be verified by field tests alone due to economic components were examined both theoretically and experimentally.
constraints, it must be venfied by simulation. Verification of total Environmental conditions . component humidity and temperature
system performance was a major analytical effort in the were considered mainly within the experimental work which was
development program. A complete hybrid computing facility was performed by the DFVLR-Stuttgart. Covered here are typical joints
procured and dedicated to this end. Two independent system such as: (1) single-shear connection between skins and spars
simulations were devefoped: a hybrid simulation and an alf digital with low load transfer: (2) joints between skins and ribs due to
simulation The development program was very successful The interior tank pressure; and (3) mulfibolt joint between the CFRP
computer simulation equipment procured for this effort was found skins and the fuselage attachment fittings with reference to bolt
to be quite adequate for the task ano cost effective. Authc strength distribution and bearing stresses. Author
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N89-1852# Royal Aircraft Establishment. Farnborough N87-21902# Royal Aircraft Establishment, Bedford lEngland).
(England) Flight Systems Div.
THE DESIGN OF THE GARTEUR LOW ASPECT-RATIO WING SOME EXPERIENCES IN INTEGRATING AVIONIC SYSTEMS ON
FOR USE IN THE VALIDATION OF SHEAR LAYER AND THE CIVIL FLIGHT DECK
OVERALL FLOW PREDICTION METHODS P. EN'LAND. R. HARLOW. and N. COOKE In AGARD Efficient
M C. P FIRMIN and M. A. MCDONALD In AGARD. Validation Conduct o Individual Flights and Air Traffic or Optimum Utilization
of Computational Fluid Dynamics. Volume 2: Poster Papers 17 p of Modern Technology for the Overall Benefit of Cvil and Military
(SEE N89-18648 11-34) Dec. 1988 Airspace Users 17 p ISEE N87-21881 15-04) Dec. 1986
(AGARD-CP-437-VOL-2) Avail: NTIS HC All/MF A01 (AGARD-CP-410) Avail: NTIS HC A15/MF A0I

A low aspect-ratio wing has been designed for use in the Some of the work camed out in the Civil Avionics Research
critical analysis of computational methods for three-dimensional program at the Royal Aircraft Establishment. Bedford is described.
shear layers, following the guidelines agreed by GARTEUR Action After a discussion of some of the factors that are leading to a
Group AD(AG07). The aim here is to give details of the design future Air Traffic Management system, the actvities in navigation.
processes used and to indicate the flow conditions which will be flight management, displays and novel human input techniques
explored in the detailed shear-layer tests to be made in the NLR are reviewed. The progress made and some of the lessons learned
LST (3.0 x 2.25 m) and ONERA (1.8 x 1.4 m) low-speed wind are also described. A view of how a future air traffic management
tunnels, as part of the GARTEUR program. Calculations have been system might operate is given. Author
made, using a selection of boundary layer methods which indicate
that the design should provide very challenging tests for methods.
Pilot model tests have suggested that the wing has been designed
successfully and these have encouraged the Action Group to N87-21920# Advisory Group for Aerospace Research and
proceed with the main test program. Author Development, Neuilly-Sur-Seine (France). Flight Mechanics

Panel.
N89-18654# Defence Research Establishment Valcartier MICROPROCESSOR APPLICATIONS IN AIRBORNE FLIGHT
(Ouebec). Ballistics Group. TEST INSTRUMENTATION
VALIDATION OF A USER-FRIENDLY CFD CODE FOR M. J. PRICKETT Feb. 1987 66 p
PREDICTION OF THE AERODYNAMIC CHARACTERISTICS OF (AGARD-AG-160-VOL-18; ISBN-92-835-1542-0; AD-At78983)
FLIGHT VEHICLES Avail: NTIS HC A04/MF A01
MICHEL FORTIER In AGARD, Validation of Computational Fluid This volume in the AGARD Flight Tests Instrumentation Series
Dynamics. Volume 2: Poster Papers 19 p (SEE N89-18648 11-34) addresses flight test engineers and flight test instrumentation
Dec. 1988 engineers interested in the design of microprocessors into new
(AGARD-CP-437-VOL-2) Avail: NTIS HC A11/MF A01 airborne flight test equipment. It describes general microprocessor

A computational fluid dynamics code based on the development based, system design principles and architectures suitable for flight
of small perturbation theory for the solution of inviscid inotational test and flight test instrumentation applications. In prepanog this
compressible fluid flow around flight vehicle configurations is volume the author has met with several engineers actively
described. The user-friendly feature of the code is illustrated by a prticipating i aircraft and electronc flight testing at varous

guided weapon canard configuration for which are displayed organizations. Each of these organizations has developed
computed pressure distributions on selected components. Five test microprocessor based instrumentation to solve their unique
cases including a simple wing shape and more complex guided requirements and these are described in this text as case studies
weapon and aircraft configurations are presented to demonstrate of current microprocessor applications. Author
the capabilihes and limitations of the code. T*Ieoretica pressure,
force and moment coefficients are compared to wind tunnel data
obtained from various facilities. The results of the comparison
show the capabilities of the code in the subsonic artl supersonic
speed regimes for simple and complex configurations at low N7-22673# Army Avionics Research and Development AcN.ty,

incidences. and its limitations at transonic speeds and at high THE IMPACT OF FUTURE AVIONICS TECHNOLOGY ON THE
angles of attack, Author CONDUCT OF AIR WARFARE

JOSEPH A. DASARO In AGARD Improvement of Combat
Performance for Existing and Future Aircraft 9 p (SEE N87-2266306 16-05) Dec. 1986

(AGARD-CP-409) Avail: NTIS HC A07/MF A01

AIRCRAFT INSTRUMENTATION A synopsis is given of the conclusions reached by the Systems
Subpanel of the NATO AGARD workshop on the potential impact

Includes cockpit and cabin display devices: and flight instruments. of development in electronic technology on the future conduct of
air warfare. Avionic system integration technology, system
architecture, data processing, data communication paths, computer

N86-29816# Advisory Group for Aerospace Research and programs, fault detection and isolation, and system design
Development, Neuilly-Sur-Seine (France). Flight Mechanics methodology are among the topics discussed. Author
Panel
ANALOGUE SIGNAL CONDITIONING FOR FLIGHT TEST
INSTRUMENTATION
0, W. VEATCH and R BOGUE Apt 1986 179 p N87-24949# Naval Air Development Center. Warminster. PA.
(AGARD-AG-t60-VOL-17; ISBN-92-835-1520-X; AD-A171303) NEW TECHNOLOGY IMPACTS ON FUTURE AVIONICS
Avail: NT'S HC AQ9MF A01 ARCHITECTURES

The application of analog signal conditioning to flight-test RICHARD S. MEJZAK In AGARD Advanced Computer Aids in
data-acquisition systems is discussed Emphasis is placed on the Planning and Execution of Air Warfare and Ground Strike
practical applications of signal conditioning for the most common Operations 7 p (SEE N87-24940 18-66) Feb 1987
ffight-fest data-acquisition systems. A limited amount uf fleoreica (AGARD-CP-404) Avail: NTIS HC A07/MF A01
discussion is included to assist the reader in a more complete An interpretation of avionics architecture is provided with respect
understanding of the subject matter. Nonspecific signal to system components, organzation. and design factors. Initially,
conditioninj, such as amplification, filtering, and multiplexing. is general avionics architecture charactenstics are addressed followed
discussed. Signal conditioning for various specific transducers and by discussions on emerging technologies and their impact on
data terminal devices is also discussed 1o illustrate signal advanced systems Information handling requirements are projected
conditioning that is unique to particular types of transducers The for future tactical aircrat. In addition, advanced avionics

01 purpose is to delineate for the reader the various signal-conditioning architecture design consideration and technical issues are
technique optona, together with tradeoff considerations, for addressed relative to achieving improved performance, reliability.
commonly encountered flight-test situations, Author survivabiiy, flexibility, and low life cycle cost. Author
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N87-29603# AdviSory Group for Aerospace Research and NSB-11659# Royal Aircraft Establishment, Bedford (England).
Development. Neuilly-Sur-Seine (France). Aerospace Medical Flight Systems Div.
Panel. THE FLIGHT EVALUATION OF AN ADVANCED ENGINE
INFORMATION MANAGEMENT AND DECISION MAKING IN DISPLAY AND MOIviTORING SYSTEM
ADVANCED AIRBORNE WEAPON SYSTEMS L. ADAMS In AGARD, Rotorcraft Design for Operations 10 p
Feb. 1987 323 p In ENGLISH and FRENCH Symposium (SEE N88-1 1649 03-05) Jun. 1987
held in Toronto, Ontario, 15-18 Apr. 1986 (AGARD-CP-423) Avail: NTIS HC A14/MF A01
(AGARD-CP-414; ISBN-92-835-0411-9; AD-At84044) Avail: A Wessex helicopter was used to develop and evaluate a suite
NTIS HC A14/MF AO1 of advanced, integrated avionics. An important area of study was

These conference proceedings focus on the significant human concerned with the display of engine and transmission data, and
factors issues posed by the development of advanced aircrew with a system monitor which gives audio and visual warning of
stations incorporating new technologies such as adaptive and any problems. The system demonstrated that the suppression of
supervisory systems and multipurpose displays and computer engine and transmission data at all times except when the pilot
graphics. Complimentary papers by members of the Avionics Panel asks for it to be displayed or the system detects a problem is an
focusing on the role of voice interactive systems and a summary acceptable technique. Author
of the findings of the Guidance and Control Panel's Working
Group on Automation at the Man Machine Interface were also N8S-11671# Societe Nationale fndustriefle Aerospatiale,
presented at the symposium. For individual titles, see N87-29504 Marignane (France). Div. Helicoptere.
through N87-29529. SYSTEM FOR SAR MISSIONS (SYSTEME DE MISSION SARI

S. RIOCHE In AGARD, Rotorcraft Design for Operations 10 p
(SEE N88-11649 03-05) Jun. 1987 In FRENCH
(AGARD-CP-423) Avail: NTIS HC A14/MF A01

The helicopter division of Aerospatiale developed a specially
N87-2519# Army Aonics Research and Development Activity, adapted system for search and rescue (SAR) missions at sea.
Fort Monmouth N J. The system allows entirely automatic piloting and guidance.
INTEGRATING AVIONICS SENSOR SIGNALS FOR TACTICAL particularly during the execution of search patterns and the descent

AIRCRAFT to hovering flight in the proximity of the target. An electronic flight
BARBARA A. BERNABE and JOHN J. WARD (Smiths Industries instrument system (EFIS) panel includes cathode screen displays
Ltd., Bichops Cleeve. England ) In AGARD. Information for attitude, horizontal situation parameters, and search radar data.
Management and Decision Making in Advanced Airborne Weapon The horizontal situation parameters are selected as a function of
Systems 10p (SEE N87-29503 24-06) Feb. 1987 the phase of flight from four modes: horizontal situation indicator,
(AGARD-OP-414) Avail: NTIS HC A14/MF A01 sector with or without superimposed radar data, search pattern.

Current tactical aircraft must be prepared to operate in more and hover. M.G
severe threat environments than ever before. Stealth relies on
conducting missions at night, at low levels, and at high speeds. N88-13331# Advisory Group for Aerospace Research and
Despite these adverse mission constraints, successful pilotage Development, Neuilly-Sur-Seine (France). Structures and Materials
requires the aviator to continuously and accurately assess his own Panel.
aircraft position in relation to surrounding landform configurations WORKSHOP ON AVIONICS CORROSION CONTROL
for navigation, for obstacle avoidance, and for masking, cover. Sep. 1987 80 p Workshop held in Hovik, Norway, 16-17 Apr.
and concealment. To assist the aviator in managing mission specific 1986 Original contains color illustrations
information, tactical aircraft are increasingly being equipped with (AGARD-R-733; ISBN-92-835-0428-3; AD-A194868) Avail: NTIS
sophisticated data gathering, storage, and processing systems. HC A05/MF A01
Data generated by these systems can be of two forms. One is This document contains the keynote and other presentations
that of video or digital specially formatted images generated by made at a Workshop held by the Structures and Materials Panel
an onboard sensor or processor. Typically the image represents on Avionics Corrosion. The discussion covered the problem's
the environmental situation surrounding the aircraft or at some extent, the state of the corrosion-prevention art, the prospects
remote location and is usually presented via a CRT. The other is for innovative corrosion avoidance techniques, including the
that of alphanumeric codes which represent coordinates, substitution of nonmetallic for metallic materials and preventive
elevations, ranges, or description of critical tactical locations. n .intenance techniques. For individual titles, see N88-13332
Typically this information is presented to the aviator via a control through N88-13336.
display unit (CDU). Conventionally, the aviator integrates and
interprets the raw data output from these systems, for pilotage. N88-13332# Naval Air Development Center, Warminster. PA.
tactical assessment, and decision making. Author AVIONIC CORROSION

IRVING S. SHAFFER In AGARD Workshop on Avionics Corrosion
Control 10 p (SEE N88-13331 05-06) Sep. 1987
(AGARD-R-733) Avail: NTIS HC AOS/MF A01

N97-29527# Royal Aircraft Establishment, Bedford (England). The paper discusses the major causes of corrosion in the
THE FLIGHT EVALUATION OF A SPEECH RECOGNITION AND Navy's avionic equipment and provides specific examples of
A SPEECH OUTPUT SYSTEM IN AN ADVANCED COCKPIT corrosion failures. Maintenance and readiness data summaries are
DISPLAY AND FLIGHT MANAGEMENT SYSTEM FOR included to denote further the corrosion problem seventy.
HELICOPTERS Corrective measures in design, testing, and maintenance are
R. LITTLE In AGARD, Information Management and Decision reviewed. Author
Making in Advanced Airborne Weapon Systems 12 p(SEE
N87-29503 24-06) Feb. 1987 N8-13333# Air Force Materials Lab., Wght-Patterson AFB,
(AGARD-CP-414) Avail: NTIS HC A14/MF A0l OH. Electronic Failure Analysis Group.

A Wessex helicopter at RAE Bedford was used to develop CORROSION OF ELECTRONIC COMPONENTS
and evaluate a set of electronic cockpit displays and a BILL DOBBS In AGARD Workshop on Avionics Corrosion Control
comprehensive suite of avionicq which were integrated to form an 26 p (SEE N88-13331 05-06) Sep. 1987 Original document
advanced display and flight management system for both military contains color illustrations
and ciil applications. Two important features of the system were (AGARD-R-733) Avail: NTIS HC A05/MF A01
automatic speech recognition and synthetic speech output. Flight The Materials Laboratory Electronic Failure Analysis Group
trials were conducted to determine the ground rules and principles supports U.S. Air Force electroric systems in the areas of materials
pertinent to the successful integration of these devices with other and nanufacturing processes. A large majority of electronic failures
advanced avionics. The trial has shown that the combination of is caused by materials and manufacturing process defects. It has
speech recognition and synthetic voice systems offers an element been found that corrosion of electronic components is the cause
of redundancy and if correctly integrated into the cockpit will be of failure in about 20 percent of items submitted for testing. Airframe
capable of improving the man machine interface to a far greater corrosion prevention requirements are well documented It would
degree than is achievable by hand or voice alone. Author be beneficial to the Air Force if corrosion prevention in electronic
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systems were as well documented. Existing documents, such as tools and integration are among the topics covered. For individual
T.O. 1-1-689 and NAVAIR 16-1-540, are a step in the right direction, titles, see N88-23768 through N88-23804
However. compulsory MIL specifications should be applied, since
corrosion in Air Force electronic systems contributes significantly N88-23768# National Aeronautics and Space Administration.
to system failure. Failure analysis investigations have been Langley Research Center, Hampton, VA.
conducted to, aircraft circuit breakers, antennas, printed wiring TECHNOLOGY DEVELOPMENT PROGRAM FOR
boards, fuvos, linear steering position transducers, stepper motors. TWENTY-FIRST CENTURY AEROSPACE VECHICLES
accelerometers, disk recorder heads, and electrical connectors. WILLIAM T. SUIT and DOUGLAS B. PRICE In AGARD, The
The cause of failure is identified and means of preventing future Design, Development and Testing of Complex Avionics Systems
occurrence are presented. Author 6 p (SEE N88-23767 17-06) Dec. 1987

(AGARD-CP-417) Avail: NTIS HC A18/MF A0t CSCL OtO
N8813334# Commanders Naval Air Forces US Atlantic and A program to meet the avionics technology needs for the design
Pacific Fleets, Norfolk, VA. Material Advisor. of future space transportation systems is presented. The program
US NAVAL AIR FORCE AVIONIC AND ELECTRICAL SYSTEM is designed to meet as many technology goals as possible by
CORROSION PREVENTION AND CONTROL MAINTENANCE 1996 so decisions can be made as to which vehicles are feasible
G. T. BROWNE In AGARD Workshop on Avionics Corrosion and which should be constructed, Author
Control 20 p (SEE N88-13331 05-06) Sep. 1987 N88-23769# Naval Air Development Center, Warminster. PA.
(AGARD-R-733) Avail: NTIS HC A05/MF A01 SYSTlMS FOR THE 21ST CENTURY

A study of premature failures of installed avionics, electrical SYSTEMS FOR THE 21ST CENTURY
equipment. and systems experienced in U.S. Fleet operational RICHARD G. DESIPIO In AGARD, The Design, Developmentequimen, an sytem expriecedin US. lee opeatinal and Testing of Complex Avionics Systems 7 p (SEE N88-23767
aircraft in the 1960s and 1970s has been reported. These failures 17-06) Dec. 1987
were caused by corrosion, water intrusion, and other contaminating (AGARD-CP-417) Avail: NTIS HC Ali A01
agents To reverse this trend the Commanders Naval Air AnD.CP-417ssAvai: is HC A hih alForcs U. Alanic ad Pcifc Feets(CONAVIRLNT) An avionic system index is proposed which allows for the
Forces U.S. Atlantic and Pacific Fleets (COMNAVAIRLANT) definition of each function of the avionics system. The results of
(COMNAVAIRPAC) requested that Commander Naval Air System two demonstrations relative to the exploitation of on-board avionics
Command (COMNAVAIRSYSCOM) develop a corrosion prevention ul-ntsaddigoicarpeetd.Ahr
and control program for avionics, electrical and installed systems built-in-test and diagnostcs are presented. Author
used in naval aircraft. COMNAVAIRSYSCOM directed the Naval N88-23770# Thomson-CSF, Malakoff (France).
Air Development Confer (NAVAIRDEVCEN) to develop the program ARCHITECTURE AND ROLE OF THE SENSOR SUBSYSTEM IN
together with a technical manual. A conference of interested parties FUTURE AIRCRAFT WEAPON SYSTEMS
was held in 1976 and action initiated to develop the program and J A. SALMON. C. J. C. RAVAT. and F. J. LORK In AGARD.
technical manual for use by the fleet technicians. Author The sign, Development and of LR n AGioicThe Design, Development and Testing of Ccmplex Avionics

Systems 6 p (SEE N88-23767 17-06) Dec. 1987
N88-13335# Industrial Marine Products Group Ltd., Dartmouth (AGARD.CP-417) Avail: NTIS HC Af8/MF A0l
(Nova Scotia). Aerospace Engineering Div. Today, in military aircraft systems, each external sensor (radar,CORROSION IN AVIONICS AND ASSOCIATED EQUIPMENT; ESM, electro-optical equipment, radio communications) is almost
CAUSE, EFFECT AND PREVENTION independent and reports to the central computer. Taking into
R. G. BARTLETT and E. G. EDGAR In AGARD Workshop on account the evolution of operational context in which the aircraft
Avionics Corrosion Control 9 p (SEE N88-13331 05-06) Sep. is involved and the dramatic progress in processing capabilities. it
1987 apr'ars necessary and possible to spread the intelligence aspect
(AGARD-R-733) Avail: NTIS KC A051MIF A0

,  
of the weapon system in order to optimize the global cost efficiency

Addressed, with examptes. are the cause, effect, and prevention This distribution enables each specialist to concentrate his efforts
of corrosion as it relates to Canadian Forces aircraft. It deals in order to take advantage of the ever increasing scope of
particularly with aircraft operated in a marine environment and is knowledge associated with each discipline. Here. the sensor
based on the experience of the authors during previous service subsystem is dealt with, its architecture is defined and its function
with the Department of National Defence and in their present in the aircraft system is described. Author
employment in industry. The Canadian Forces corrosion prevention
treatment program is also mentioned and discussed briefly. N88-23771# Aeritalia S.p.A., Caselle Torinese (Italy). Gruppo

Author Sistemi Avionici ed Equipaggiamenti.
RAPID PROTOTYPING OF COMPLEX AVIONIC SYSTEM

N8S-13336# Societe d'Applications Generales d'Electricite et ARCHITECTURES
de Mecanique. Paris (France). L. BERARDI, N. GIORGI. W. MELLANO, A. VALENTE. and E.
AVIONICS AND CORROSION ZUCCO In AGARD. The Design, Development and Testing of
ALAIN POINTET and CHRISTOPHE TURPIN-INVERNON In Complex Avionics Systems 13 p (SEE N88-23767 17-06) Dec.
AGARD Workshop on Avionics Corrosion Control 6 p (SEE 1987 Sponsored in part by Unisys. Italy
N88-13331 05-06) Sep. 1987 (AGARD-CP-417) Avail: NTIS HC A18/MF A01
(AGARD-R-733) Avail: NTIS HC A05/MF A01 A design tool called Expert Consultant for Avionics system

Avionic manufacturing and environmental conditions are Transformation Exploration (ECATE) is described. ECATE, rapidly
responsible for corrosion and/or make easier the action of prototyping different alternatives, helps the designer in establishing
corrosion in the various parts of an avionics system. A brief survey the information flow architecture of the avionics system, that is,
is made of environmental conditions affecting avionics, how to the organization of the internal data handling. The tool provides
reproduce them in accordance with norms and which associated the user with an interface to assist him in describing the avionics
problems might occur. All parts of an avionic system are examined, from the point of view of the data handling and presents the
e., housings, printed circuit boards, hybrid and integrated circuits, results in a suitable format, It performs consistency checks and

For each component, examples and solutions are given. Author advises the user on possible architectural problems by means of
expert system techniques. Author

N88-23787# Advisory Group for Aerospace Research and
Developntant, Neuilly-Sur-Seine (France). Avionics Panel, N8S-23772# British Aerospace Public Ltd. Co., Woodford
THE DESIGN, DEVELOPMENT AND TESTING OF COMPLEX (England). Civil Aircraft Div.
AVIONICS SYSTEMS THE SPECIFICATION AND DESIGN OF A FUTURE MARITIME
Dec. 1987 408 p In ENGLISH and FRENCH Symposium RECONNAISSANCE AIRCRAFT
held in Las Vegas, Nev., 27 Apr. - I May 1987 J SHEPARD In AGARD. The Design, Development and Testing
(AGARD-CP-417; ISBN-92-835-0437-2; AD-A198666) Avail: of Complex Avionics Systems I I p (SEE N88-23767 17-06) Dec.
NTIS HC Ali8MF A01 1987

The design, development and testing of complex avionics (AGARD-CP-417) Avail: NTIS HC A18/MF AO
systems are discussed. Design aspects for future avionics systems. The problems of providing specifications for system components
managing the future system design process, and system design of the highly integrated avionic systems of the future are discussed
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in the context of the avionics systems of a Future Maritime N88-23777# Avions Marcel Dassault, Saint-Cloud (France).
Reconnaissance Aircraft (FMRA). The need and extent of the MODELING OF FUNCTIONAL SPECIFICATiONS FOR ONBOARD
integration of the avionic systems are discussed, as are the SOFTWARE: EXPERIENCE WITH THE RAFALE AVIONICS
consequences for system definition and specification. Potential SYSTEM [MAOUETTAGE DES SPECIFICATIONS
techniques for addressing these problems are reviewed. These FONCTIONNELLES DU LOGICIEL EMBAROUE EXPERIENCE
are brought together to describe an approach which could provide DU SYSTEME AVIONIQUE RAFALE]
the tools required. The implication of this approach for vendors PATRICK SCHIRLE In AGARD. The Design. Development and
and integrators is addressed. Author Testing of Complex Avionics Systems 12 p (SEE N88-23767

17-06) Dec. 1987 In FRENCH
(AGARD-CP.417) Avail: NTIS HC A18/MF A01

N88-23773# British Aerospace Aircraft Group, Preston (England). The avionics system of the Rafale aircraft entailed innovations
Military Aircraft Div. such as the integration of aircraft systems and the acquisition of
A STRUCTURED APPROACH TO WEAPON SYSTEM DESIGN control information. These new functions resulted in a notable
H. M MALLEY, N. T. JEWELL, and R. A. C. SMITH In AGARD, increase in, and qualitative evolution of, onboard computer
The Design, Development and Testing of Complex Avionics software. For the improvement of quality and response
Systems 12 p (SEE N88-23767 17-06) Dec. 1987 Sponsored characteristics of software, development was supported by an
in part by the Ministry of Defence. United Kingdom integral methodology for modeling software functional specifi.
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 cations. The model was constructed around a SEL computer

A structured approach to the design of highly integrated weapon supporting a FORTRAN listing of 3500 pages of system functional
systems of the future is described. The approach was used in the specifications. The model allows the direct validation of each
design of the avionics system for the UK Experimental Aircraft individual specification and the whole ensemble of specifications
Program (EAP) demonstrator aircraft. Brief descriptions are given The model was used to support the analysis of the system failures,
of the EAP systems, the main systems design tools used, the provide a base for the assessment of modifications, generate
activities carred out during the systems design process and the acceptance rules, and prepare a functional reference for
management and control procedures adopted. A series of integration. Author
observations highlighting some of the findings of the project and
providing pointers to the design of future weapon systems is N88-23778# International Business Machines Corp.. Owego,
given. Author NY.

THE AVIONICS SOFTWARE ARCHITECTURE IMPACT ON
SYSTEM ARCHITECTURE

N88-23774# International Business Machines Corp., Owego, NY. C. DOUGLASS LOCKE In AGARD. The Design, Development
Federal Systems Div. and Testing of Complex Avionics Systems 5 p (SEE N88-23767
DEVELOPMENT OF A GENERIC ARCHITECTURE 17-06) Dec. 1987
CHRISTINA BERGGREN In AGARD. The Design, Development (AGARD-CP-417) Avail: NTIS HC A18/MF A01
and Testing of Complex Avionics Systems 5 p (SEE N88-23767 Technology developments that led to the problem of system
17-06) Dec. 1987 vulnerability to software errors resulting from increased avionic
(AGAPD-CP-417) Avail: NTIS HC A18/MF A01 system complexity and the impact of these developments on the

A new generation systems architecture is designed to bridge functionality and design of new systems are considered. The current
the gap between today's t553-based systems and fault-tolerant, sequence for performing the physical and software architectural
totally integrated systems of tomorrow. Described here is a novel design, including a definition of the software architecture is
approach to system functional area partitioning and the design of discussed. The likely consequences of using these methods for
this generic distributed real time architecture. The architecture designing new avionics systems are also discussed. Author
incorporates new military standards in development. Author N88-23779# Lineon Technische Werke. Freiburg (Germany.

F.R.).
N88-23775# Agusta Sistemi Sp.A.. Varese (Italy). A COMPARISON OF INTEGRATED AND SEPARATE SYSTEMS
TEST PHILOSOPHY OF THE EHIOS INTEGRATED AVIONIC FOR FLIGHT CONTROL AND NAVIGATION
E. GALL[ In AGARD, The Design, Development and Testing of H. BUITKAMP In AGARD. The Design. Development and Testing
Complex Avionics Systems 5 p (SEE N88-23767 17-06) Dec. of Complex Avionics Systems 10 p (SEE N88-23767 17-06) Dec
1987 1987
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 (AGARD-CP-417) Avail: NTIS HC At8/MF A01

The philosophy employed during the development and testing Two steps for the integration of flight control sensors, the
of the EH101 integrated avionic Navel helicopter is outlined. The Altitude and Heading Reference System (AHRS) and the Inertial
avionics architecture is given in graphic form. Overall avionic Navigation System (INS) are discussed. It has been shown that
integration, the aircraft management computer test, the sensor the use of the same sensors for flight control and AHRS functions,
interface units test, and the aircraft management system test are as for example in the Aircraft Motion Sensor Unit (AMSU) system,
described. Author yield excellent results. The AMSU system has demonstrated its

performance capability in the Experimental Aircraft Program (EAP)
inherently unstable aircraft. These aircraft, as opposed to

N88-23776# International Business Machines Corp., Owego, NY. conventional aircraft, require inertial sensor data with an extremely
Federal Systems Div. high bandwidth and very small data latency for flight control
SYSTEMS ENGINEERING TECHNIQUE purposes. Author
LEONARD KARAS and DONNA RHODES In AGARD, The Design,
Development and Testing of Complex Avionics Systems 9 p (SEE N88-23780# Textron Bell Helicopter. Fort Worth. TX. Advanced
N88-23767 17-06) Dec. 1987 Human Factors System Design.
(AGARD-CP-417) Avail: NTIS HC AI8/MF A01 DEVELOPMENT AND TESTING OF A PREDICTIVE

An overview is given of the Systems Engineering Technique METHODOLOGY FOR OPTIMIZATION OF MAN-MACHINE
(SET) SET was developed to effect an improvement in quality INTERFACE IN FUTURE AVIONICS SYSTEMS
and productivity aspects in the development of avionics systems. ROGER E. PARKS In AGARD. The Design, Development and
The methodology synthesizes the best features of existing Testing of Complex Avionics Systems 9 p (SEE N88-23767
development methodologies into a single core procedure which is 17-06) Dec. 1987
equally applicable throughout the systems development phases of (AGARD-CP-417) Avail: NTIS HC A18/MF A01
complex systems. Six key areas emphasized by SET are discussed, The trend toward increasing complexity and cost in emerging
and the concept of systems engineering measurements is avionics systems. driven by requirements for increased functional
introduced as the means to evaluate system quality and capability, has created a need for a predictive analytical
productivity. SET is being applied to the development of avionics methodology which accurately forecasts system performance early
systems at IBM Owego and has been effective in improving in the design process, and treats the human operator and the
specification quality. Author equipment as a fully integrated man-machine system. A
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methodology that meets these needs has been developed and systems) is used in every concrete approach, taking into
validated by Bell Helicopter Textron. The process is being used consideration aviation requirements and technologal advances.
to provide early, accurate avionics system characterization, thereby Requirements that must be met to build such systems and computer
reducing design costs. Author system goals are discussed. Author

N8-2378# Boaii.. Military Airplane Development. Wichita, KS.
CREWSTATION INFORMATION AND DEVELOPMENT SYSTEM
(CIDS)
M. E. ROWLAND and W. R. WAGONER In AGARD, The Design, N88-237B5# Aerospace Medical Research Labs..

Development and Testing of Complex Avionics Systems 1I p (SEE Wright-Patterson AFB, OH.
N88-23767 17-06) Dec. 1987 ADVANCED DEVELOPMENT OF A COCKPIT AUTOMATION
(AGARD-CP-4 17) Avail: NTIS HC A18/8 F Aol DESIGN SUPPORT SYSTEM

The process by which requirements for an avonics system PHILIP V. KULWICKI, JOE W. MCDANIEL. and LISA M
The rocss y wichreqireent fo anavinic sytem GUADAGNA In AGARD. The Design. Development and Testing

are translated into an integrated crewstation design is discussed.
The Crewstation Information Development System (CIDS) was of Complex Avionics Systems 15 p (SEE N88-23767 17-06) Dec.

divided into three phases of activity. In Phase 1. methodology 1987

development, a comprehensive set of requirements, resource (AGARD-CP-417) Avail: NTIS HC A18/MF A01

allocation, and an information utilization assessment is derived. A highly disciplined and structured crew system design process

Phase 2, crewstation development, focuses on deriving the most i bein developed to improve the efficiency and effectiveness by
effective methods of utilizing required crewstation information, which advanced cockpits can be fielded. As an initial

taking into consideration the impact of the operational environment- implementation of the CAT design pocess, a Cocinit Automation
The final phase, design application, concerns the details of Design Support System (CADSS) is being developed to provide a

crewstation design and the development of a crewstation computer aided design environment, including the software design

information manager. Author tools and the simulation utilities that can facilitate the development
of the crew system in synchrony with the development of the

NSS-23782# Naval Air Development Center, Warminster, PA. avionics and weapon system. The rationale underlying the CADSS

A CHANGE IN SYSTEM DESIGN EMPHASIS. FROM MACHINE is described in terms of the system components, which include a

TO MAN Designer's Computer Aided Design System DCADS) processor.

M. L METERSKY and J. L RYDER (Pacer Systems, Inc., Horsham, new software tools and a breadboard cockpit simulator which are

Pa.) InAGARD, The Design, Development and Testing of Complex envisioned to complement, but not replace, existing development

Avionics Systems 9 p (SEE N88-23767 17-06) Dec. 1987 facilities. This implementation of the cockpit design support system

(AGARD-CP-417) Avail: NTIS HC A18/MF A01 is described in relation to the overall CAT program activties and

Even though software has increased in importance and schedule. Author

percentage of cost in system development, it is still philosophically
considered as a means to facilitate hardware performance. This
thinking has had an adverse effect on system performance by
relegating decision requirements to a minor or nonexistent role in N68-23786# Societe Nationale Industrielie Aerospatiale.
the system design process. It is the premise here that system Marignane (France). Div. Helicopteres.
design should be dictated by decision requirements, since decisions DESIGN AND DEVELOPMENT OF AN AVIONICS SYSTEM
humans make determine how well and to what degree a weapon ADAPTED TO HELICOPTER MISSIONS [CONCEPTION ET
system's inherent capabilities will be utilized. A system design DEVELOPPEMENT D'UN SYSTEME AVIONIQUE ADAPTE AUX
approach based on an emphasis of the human's role as a decision MISSIONS DES HELICOPTERES]
maker is presented. Author DANIEL BOUHERET and JEAN LOUIS ROd- (Crouzet Aerospace

and Systems. Valence, France ) In AGARD, The Design.

N88-23763# Northrop Corp., Hawthorne, GA. ASET Development and Testing of Complex Avionics Systems 16 p (SEE
Development. N88-23767 17-06) Dec. 1987 In FRENCH
MANAGING ADVANCED AVIONIC SYSTEM DESIGN (AGARD-CP-417) Avail: NTIS HC A18/MF A01
PHILIP H. SIMONS In AGARD, The Design, Development and The development of the avionics system for the Dauphin 365
Testing of Complex Avionics Systems 8 p (SEE N88-23767 F configured for search and rescue operations is discussed. A
17-06) Dec. 1987 general description of flight missions and system architecture is
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 presented with particular emphasis being given to the navigation

The critical requirements of advanced avionic system design and mission management subsystems. The system is based on a
are o l system requirements, configuration item requirements, Nadir Mk2 microprogrammable computer capable of an execution
interface requirements, and design process management rate of 1 MOPS. The interactive relationship between the system
requirements. These requirements can be met through the design designers and integrators is described along with the design support
process of abstract requirements definition, requirements/functiorl tools that aid in achieving successful interaction. Author
decomposition, functional recomposition, and detailed interfa,
definition. This process can be greatly aided by compute,
automation, resulting in the design of more complex avionics

systems in far less time than would be possible using older tools.
Author N88-23787# Hughes Aircraft Co., Fullerton, CA.

OPERATION AND PERFORMANCE OF AN INTEGRATED
N88-23784# Centre d'Etudes et de Recherches de Medecine HELICOPTER COMMUNICATION SYSTEM
Aerospatiale, Paris (France). Lab. Centril de Biologie WALTER R. FRIED In AGARD, The Design, Development and
Aerospatiale. Testing of Complex Avionics Systems 8 p (SEE N88-23767
PSYCHOSENSORY COCKPIT ERGONOMICS, ADVANTAGES OF 17-06) Dec. 1987 Previously announced in IAA as A87-31469
INTELLIGENT INFORMATION SYSTEMS [ERGONOMIE (AGARD-CP-417) Avail: NTIS HC A18/MF A01
PSYCHOSENSORIELLE DES COCKPITS, INTERET DES The unique operational and performance requirements of the
SYSTEMES INFORMATIQUES INTELLIGENTS] communication system for modem tactical Army heicupters are
R. AMALBERTI, F. DEBLON, and J. P. MENU In AGARD, The described. An integrated system architecture is described which
Design, Development and Testing of Complex Avionics Systems satisfies these requirements and incorporates very high levels of
12 p (SEE N88-23767 17-06) Dec. 1987 In FRENCH; ENGLISH automation, thereby reducing pilot workload. The automation
summary concepts include the use of a preloaded communication data base
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 and a centralized communication processor containing advanced

Psychosensory cockpit ergonomics consists of a pluridisciplinary control, reconfiguration ano message formatting software. Link
approach focused on global consideration of man-machine analysis and simulation results are presented to show the
interface issues. Knowledge supplied by each research field performance capabilities of the system with respect to the projected

(sensory physiology, cognitive psychology, design of intelligent mission requirements. Author
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NPA-23788# Aerospace Medical Research Labs.. N68-23793# Defence and Civil Inst. of Environmental Medicine.
Wright-Patterson AFB, OH. Human Engineering Div. Downsview (Ontario). Human Engineenng Section.
DESIGNING FOR DESIGN EFFECTIVENESS OF COMPLEX EXPERIENCE IN THE INTEGRATION OF HUMAN ENGINEERING
AVIONICS SYSTEMS EFFORT WITH AVIONICS SYSTEMS DEVELOPMENT
KENNETH R. BOFF In AGARD, The Design, Development and D. BEEVIS In AGARD. The Design. Development and Testing of
Testing of Complex Avionics Systems 9 p (SEE N88-23767 Complex Avionics Systems 9 p (SEE N88-23767 17-06) Dec.
17-06) Dec. 1987 1987
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 (AGARD-CP-417) Avail: NTIS HC A18/MF A01

The Integrated Perceptual Information for Designers (IPID) Based on a review of human engineering activities in ten major
Project is a multiagency supported effort to aid the accessibility acquisition projects. some conclusions aimed at facilitating the
and use of human performance data in system design. It is integration of human engineering activities with the development
formulated around five information management objectives: (1) of advanced avionics are outlined. Conclusions are also drawn
identifying, collecting, and consolidating human performance data about the systems design and human engineering processes, and
of potential value to system design; (2) human factoring these the role that mission, function, and task analysis can play in
data to enable their direct use by system designers; (3) establishing integrating human engineering and systems development activities.
an institute with responsibility for maintenance, update and analysis I1 is concluded that an approach that combines the interaction of
of these resources to support crew system design; (4) developing hardware, software, and human functions is made especially
and sponsoring educational opportunities to train and sensitize necessary by the impact of advanced technology on the roles of
system designers in the value and application of human human operators and maintainers, on the man-machine interface,
performance data to crew system design; and (5) conducting and on the system development process itself. Finally, it is argued
exploratory research to define and evaluate requirements for an that there is a need to establish standardized approaches to the
automated design support capability to aid engineers to access application of human engineering in avionics system design.
and tradeoff human performance data with other technical Author
information germane to the effective design of crew systems.

Author N88-23794# Electronique Serge Dassault. Saint Cloud (France).
TESTING COMPLEX AVIONICS SOFTWARE: A PRACTICAL
EXPERIENCE [LE TEST DE LOGICIELS AVIONIQUES
COMPLEXES: UNE EXPERIkNCE PRATIQUE)

N88-23789# Air Force Wright Aeronautical Labs., M. MUENIER In AGARD. The Design. Development and Testing
Wright-Patterson AFB, OH. of Complex Avionics Systems 16 p (SEE N88-23767 17-06) Dec.
DESIGN FOR INTEROPERABILITY (INTERCHANGEABILITY) 1987 In FRENCH
GEORGE KONOMOS In AGARD, The Design. Development (AGARD-CP-417) Avail: NTIS HC A18/MF Al
and Testing of Complex Avionics Systems 5 p (SEE N88-23767 The methods used at Dassault for testing avionics software,
17.06) Dec. 1987 particularly the operational programs used on the Mirage Ft and
(AGARD-CP-417) Avail: NTIS HC A18/MF AOl Mirage 2000 aircraft, are presented. The MINERVE software

Interoperability of the various elements used in a system is development methodology is briefly described. The objective of
the design property which allows the intermixing of elements from MINERVE is to facilitate software production while ensuring control
various sources (manufactures) without any impact on the of quality, costs and development delays. The various software
performance of the system or the operational hardware. Here, the tools used to perform unitary, integration, functional and final
line replaceable module approach is discussed. This is a new software validation and testing are described. These tools provide
approach to avionics where a processor module is a 6 inch by 6 hardware environment simulation, graphic output and various
inch plug-in board with processing power many times higher than operational modes. A trend towards the integration of front-end
that of older line replaceable units. Author tools (specification tools) and back-end tools (test tools) is noted

and a natural progression from specification tool to semiformal
specification, to prototype, to stimuli, to test tools is foreseen.

N88-23790# Aeritalia S.p.A.. Caselle Toinese (Italy). Gruppo Author
Equipaggiamenti.
THE ELECTROMAGNETIC THREAT TO FUTURE AVIONIC N88-23796# Naval Postgraduate School, Monterey. CA. Dept
SYSTEMS of Computer Science.
BRUNO AUDONE In AGARD, The Design, Development and INTERFACING AND INTEGRATING HARDWARE AND
Testing of Complex Avionics Systems 10 p (SEE N88-23767 SOFTWARE DESIGN SYSTEMS
17-06) Dec. 1987 DANIEL DAVIS In AGARD, The Design, Development and Testing
(AGARD-CP-417) Avail: NTIS HG A18/MF A01 of Complex Avioncs Systems 8 p (SEE N88-23767 17-06) Dec.

The electromagnetic threat to future aircraft is studied and 1987 Sponsored in part by the Naval Weapons Center, China
evaluated on the basis of the evolution of the avionic systems. Lake, Calif., and the Naval Ocean Systems Command. San Diego.
The high level of integration of these systems combined with the Calif.
increased n mf' , i* xlectromagnetic sources which may interfere (AGARD-CP-417) Avail: NTIS HC A18/MF A01
with the performance of the overall weapon system create the Fundamental problems in interfacing and integrating information
need to reexamine the usual design and testing approach in order between diverse design systems are examined. Specifically, design
to reach an adequate level of aircraft hardening. It is essential to problems associated with the contexts of meaning that are required
design and test at system level rather than at hardware level, to understand information in diverse systems are examined.
System design guidelines are discussed. Areas where basic Increased research into a general theory of design is advocated.
research studies need to be undertaken are highlighted. Author The resolution to some integration problems is suggested on the

basis of some recent developments and experience with a
functional design theory. Author

NOS-23791# Thorn EMI. Hayes (England). Radar Div. N8W-23797# Air Force Test Pilot School. Edwards AFB, CA.
THE INTEGRATION, CHARACTERISATION AND TRIALLING OF A LOOK TOWARD THE FUTURE OF COMPLEX AVIONICS
A MODERN COMPLEX AIRBORNE RADAR SYSTEMS DEVELOPMENT USING THE USAF TEST PILOT
ROGER FOY HOGBEN and FRANK N. MORPHET In AGARD, SCHOOL'S AVIONICS SYSTEMS TEST TRAINING AIRCRAFT
The Design, Development and Testing of Complex Avionics WILLIAM H. BROOME, JR. and MIKE PARRAG (Calspan Corp.,
Systems 5 p (SEE N88-23767 17-06) Dec. 1987 Buffalo, N. Y.) In AGARD, The Design, Development and Testing
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 of Complex Avionics Systems 16 p (SEE N88-23767 17-06) Dec.

The process of commissioning, testing and conducting trials of 1987
complex aircraft radar is discussed. An attempt is made to show (AGARD-CP-417) Avail: NTIS HC A18/MF A01
how vital an informed and methodical approach is to achieving The Avionics Systems Test Training Aircraft (ASTTA) is a special
success. 't is argued that it is essential to the approach that configuration of the NC-131H Total In-Flight Simulator (TIFS), and
higher management understands and supports it. Author was developed to fill a significant gap in the education and
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06 AIRCRAFT INSTRUMENTATION

expenence of the avionics systems test community. It provides a importance of requirements analysis and specifications
cost effective means of quickly exposing both designers and testers development. Author
to the key issues of systems development and in-flight testing,
especially the operator to systems interface human factors issues.
Its benign flight environment is conducive to both initial and
advanced training in flight test techniques. Author N88-29719# Technische Univ., Brunswick (Germany, FR.). Inst.

for Guidance and Control.
NS-23799# Avions Marcel Dassault. Saint-Cloud (France). FLIGHT TEST EQUIPMENT FOR THE ON-BOARD
AVIONICS SYSTEMS: DEVELOPMENT METHOD AND MEASUREMENT OF WIND TURBULENCE
COMPUTER TOOLS SYSTEME AVIONIQUE-METHODE DE G. SCHAENZER, M. SWOLINSKY, and P. VOERSMANN (Aerodata
DEVELOPPEMENT ET OUTILS INFORMATIQUES] FlugmesstechnikG.m.b.H., Brunswick, West Germany) InAGARD
P. LAROCHE-LEVY In AGARD, The Design. Development and The Flight of Flexible Aircraft in Turbulence: State-of-the-Art in
Testing of Complex Avionics Systems 13 p (SEE N88-23767 the Description and Modelling of Atmospheric Turbulence 11 p
17-06) Dec. 1987 In FRENCH (SEE N88-29717 24-01) Jun. 1988
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 (AGARD-R-734-ADD) Avail: NTIS HC A06/MF A01

The avionics development system based on the use of computer The knowledge of the actual wind and turbulence situation
automation tools is described. The problems posed in the along the flight path of an aircraft is an important factor in the
development of avionics are defined and the various phases area of meteorological and aeronautical research. Different flight
constituting the development life cycle for avionics systems are test programs for the onboard implementation of offline and online
characterized. The capabilities of the computer tools and how wind and turbulence measuring systems are presented. The
they are used in various development stages are described. Finally, theoretical principle of the determination of all three components
the benefits gained through the use of such a development of the wind vector is stated. A summary of the installed sensors.
methodology are discussed. Author the data acquisition systems and computer equipment is presented

and the essential effects of sensor errors on the accuracy of
N88-23801# National Aerospace Lab., Amsterdam wind determination are discussed. Author
(Netherlands).
DEVELOPMENT OF AN AIRBORNE FACILITY FOR ADVANCED
AVIONICS RESEARCH
N. VANDRIEL In AGARD, The Design, Development and Testing N8-29730# National Aeronautical Establishment, Ottawa
of Complex Avionics Systems 14 p (SEE N88-23767 17-06) Dec. (Ontario). Flight Research Lab.
1987 THE NAE ATMOSPHERIC RESEARCH AIRCRAFT(AGARDiCP-417) Avail: NTiS HCa A8/MFA0 J. I. MACPHERSON and S. W. BAILLIE In AGARD. The Flight

Based on its flight test and simulator experience, the of Flexible Aircraft in Turbulence: State-of-the-Art in the Description
Netherlands National Aerospace Laboratory (NLR) has started the and Modelling of Atmospheric Turbulence 19 p (SEE N88-29725
development of an airborne avionics research facility. In the 24-01) Dec. 1987
framework of the Avionics Research Testbed (ART) project. NLR's (AGARD-R-734) Avail: NTIS HC A09/MF A01
Metro research airplane is being equipped with a number of The Flight Research Laboratory of the NAE of Canada operates
advanced avionics systems, including programmable electronic a T-33 and a Twin Otter aircraft instrumented for atmosoheric
stem, flight management computer, microwave research studies. The instrumentation in the aircraft is described
landing system, global positioning system and secondary with emphasis on the strapped down inertial Doppler system used
surveillance radar. Author to derive the mean and turbulent components of the atmospheric
N11-23002# Avions Marcel Dassault. Saint-Cloud (France). motion. Example data from several research projects are presented
Aerospatiale Div. Helicopteres. to demonstrate the measurement and analysis capabilities of the

WORKSHOPS FOR THE DESIGN OF AVIONICS SYSTEMS AND aircraft and their data playback facilities. Author
THE DEVELOPMENT OF ONBOARD SOFTWARE (ATELIERS
DE CONCEPTION DE SYSTEMES AVIONIQUES ET DE
REALISATION DE LOGICIELS EMBARQUES)
MONIQUE SLISSA and PHILIPPE LAROCHE-LEVY In AGARD, N89-10834# Air Force Wright Aeronautical Labs.
The Design. Development and Testing of Complex Avionics Wright-Patterson AFB, OH. Avionics Lab.
Systems 13 p (SEE N88-23767 17-06) Dec. 1987 In FRENCH ADVANCED AVIONICS ARCHITECTURE PAVE PILLAR
(AGARD-CP-417) Avail: NTIS HC A18/MF A01 JOHN C. OSTGAARD In AGARD, Computing Systems

An avionics development system based on an open-ended suite Configuration for Highly Integrated Guidance and Control Systems
of integrated computer tools is described. Additions and changes 8 p (SEE N89-10831 02-01) Jun. 1988
to the basic tool set can be implemented to suit the requirements (AGARD-LS-158) Avail: NTIS HC A08/MF A01
of the specific project or individual contractor. A hosting structure The increased use of advanced electronics has given modern
tool that ties the whole system together is described along with combat aircraft phenomenal levels of performance, but at a stiff
three other basic tools: OCS. a system design aid; DLAO. a price in initial cost, maintenance workload and aircraft availability.
computer aided software definition tool; and SAO, a graphic, Hence, aircraft design is shifting to give equal emphasis on
detailed specification aid. Author performance, affordability, maintainability, and reliability in the

development of avionic systems. The paper discusses the
NB-23804# Service Techniques des Programmes Aeronautiques, challenges and benefits of an avionics architecture concept which
Paris (France). integrates avionic functions at the system level thereby improving
DEVELOPMENT OF COMPLEX AVIONICS SYSTEMS: the system's accuracy, increasing its immunity to failure, and
EXPERIENCE FROM FRENCH MILITARY PROGRAMS decreasing its reliance on multiple redundant sensors. This design
(DEVELOPPEMENT DES SYSTEMS AVIONIGUES philosophy, which permits resources to be shared across
COMPLEXES: EXPERIENCE ISSUE DES PROGRAMMES subsystems, requires a highly coupled system-wide management
MILITAIRES FRANCAIS] and control program (operating system) supported by a wide-band
ANTOINE COURSIMAULT In AGARD, The Design, Development distribution network, high-speed data and signal processors, and
and Testing of Complex Avionics Systems 15 p (SEE N88-23767 extensive mass memory The implementation strategy for this
17-06) Dec. 1987 In FRENCH avionics architecture is the system-wide utilization of common
(AGARD-CP-417) Avail: NTIS HC At8/MF A01 modular building blocks using advanced microelectronics such as

The princoples used to guide the development of the avionics VHSiC, standard 3/4 ATR modules and integrated racks, all
systems for the Mirage 2000 and ATL2 aircraft are discussed. In interconnected by fiber optic networks. The generic integration
addition, the anomalies discovered during these development approach and architecture produced by the PAVE PILLAR program
experiences and improvements contributing to the current ACT is the foundation for avionics development in the next generation
program are examined. The various development, verification, and aircraft for the U.S. DOD and include such aircraft as the USAF
production stages are characterized. Emphasis is placed on the Advanced Tactical Fighter (ATF]. Author
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N89-10835# Air Force Wright Aeronautical Labs., diagnostic methods; and advanced technologies. Questions and
Wright-Patterson AFB, OH. Data and Signal Processing Group. answers of the discussions follow each paper. For individual titles.
DATA AND SIGNAL PROCESSING ARCHITECTURES FOR see N89-16781 through N89-16819.
FUTURE AVIONICS
MARK T. MICHAEL In AGARD, Computing Systems Configuration
for Highly Integrated Guidance and Control Systems 12 p (SEE No-178 # German Air Force Air Armament Dir'ctorate.N89-10831 02-01) Jun. 1988 Cologne (Germany. F.).

- 1- Aval: NTIS HC A09/MF A ON BOARD LIFE MONITORING SYSTEM TORNADO (OLMOS)
(AGARD-LS-158) Avi:NIHA8M 1J. H. KUNZ and U. SCHULZ (Dornier-Werke G.m.b.H.,Pave Pillar architecture incorporates a Common Signal J. Geman U. SCHULZ (Dorngie Condition
Processor (CSP) concept as a key building block of a USAF Frieichshafen. Germany, FR. ( In AGARD, Engine Condition
advanced avionics suite. This concept embodies the use of Monitoring: Technology and Experience 6 p (SEE N89-16780
standard internal interfaces, a family of modules, use of the 09-06) Oct. 1988
programming language Ada to express application program for (AGARD-CP-448( Avail: NTIS HC A20/MF A01
the data processors within aSPn and the use of a Graph Notation The development of the onboard life monitoring system
to represent signal processing functions for the signal processing (OLMOS) of the GE Tornado proved, that on-hoard monitoring is
torepresentsignal poessing femuntis foritsl uproing n possible, and the received data can be used in the logistic system.
components of the CSP. The modularity permits upgrading xny The Tornado OLMOS is a system which serves engine, structure.
hardware or software component with minimal disruption to the and tonal equis T le ve s ig, butue
rest of the design. CSP is an open architecture in that the interfaces and functional equipment. The level of integration is high, but due
and module specifications are non-proprietary and can be built by to the structured software approach the system can be handled.
other vendors. The paper will address the system concept, The software was developed by four companies, and in the using
hardware architecture, and software philosophy comprising the CSP phase the same companies are sharing the SW maintenance.

system. It will describe in general terms how the CSP hardware High integrated systems definitely do need a very close
works and its expandability. Existing modules will be listed and management on both sides, the government and the industry.

potential future modules identified. A brief description of the Graph The OLMOS proves that even commercial and proprietanyaspects
Notation and its advantages will be provided. The CSP Local can be worked out. Author

Operating System capabilities and use will be summarized.
Application studies to determine the Suitability of the CSP concept N89-16786# Royal Air Force, London (England).
for different avionic applications such as radar, electronic warfare, INFORMATION MANAGEMENT SYSTEMS FOR ON-BOARD
communications, and electro-optical sensors will be briefly MONITORING SYSTEMS
summarized. The role of the MIL-STD-1750A processors in CSP P. J. JENKINS In AGARD, Engine Condition Monitonng:
and their limitations will be touched on, and future upgrades to Technology and Experience 8 p (SEE N89-16780 09-06) Oct.
32-bit machines discussed. Author 1998

(AGARD-CP-448) Avail: NTIS HC A20/MF A01
N89-10836# Harris Corp., Melbourne. FL. Government Aerospace With the advent of microprocessors is a phase which has
Systems Div. heralded a host of advances in aircraft mounted equipment. It
FIBER OPTIC BUSES AND NETWORKS FOR ADVANCED promises to yield rich dividends for the hard pressed maintenance
AVIONICS ARCHITECTURES engineer by providing detailed information on equipment
R. W. UHLHORN In AGARD, Computing Systems Configuration performance to enable defects to be accurately and rapidly
for Highly Integrated Guidance and Control Systems 15 p (SEE diagnosed. Latest develpments in the propulsion field show the
N89-10831 02-01) Jun. 1988 potential of being able to anticipate certain types of defects and
(AGARD-LS-158) Avail: NTIS HC A08/MF A01 thus achieve true on-condition maintenance in these cases. The

An avionics architecture exploiting high-speed, high density aim is to highlight the vitally important role played by maintenance
VLSI and VHSIC technology by repartitioning the traditional avionics information management systems in storing, analyzing. and
suite requires subsystem interconnection via backbone and displaying the data captured by on-board monitoring systems and
backplane buses and networks operating at data rates far to make recommendations for a code of practice for the successful
exceeding those used for avionics in the past. In fact, the rates implementation of such systems. Author
are high enough that fiber optics is the only interconnect technology
that does not impose substantial size, weight, and life cycle cost
penalties on the overall system. In the Pave Pillar architecture the N89-16788# Rockwell International Corp., Lakewood. CA.
fiber optic multiplex bus for command and control, block transfer, 8-1B CITS ENGINE MONITORING
and flight control functions, based on a variation of the IEEE B. LAINE and K. DERBYSHIRE In AGARD, Engine Condition
802.4 and 802.2 token-passing bus protocol for the physical and Monitoring: Technology and Experience 12 p (SEE N89-16780
data link layers, operates at 50 Mbps. A number of specific 09-06) Oct. 1988
implementations have emerged. The parallel internal bus protocol (AGARD-CP-448) Avail: NTIS HC A20/MF A01
ties users (data processors) together in the backplane and through The Central Integrated Test Systems (CITS) is a real-time
a bus interface unit to the multiplex bus, Other kinds of networks tests system which continually monitors the performance of the
are used to serve subsystems connecting video terminals, sensors, 34 principal systems, onboard the B-l B aircraft, including the four
signal processors. etc. An overview of the multiplexed high-speed General Electric F101 turbofan engines, The CITS consists of an
data bus and parallel backplane bus designs and their interface is onboard computer, four data acquisition units, a data conversion
presented, The implementation details and options for the fiber unit. a printer, a magnetic tape recorder, and a control and display
optic network which supports the interconnection of avionics bus panel. Approximately 19,000 parameters are available for recording
interface modules in different physical locations are discussed, and display purposes. The eigine diagnostic algorithm was
Passive and active star-coupled networks are compared and designed in close coordination with General Electnc. Information
conclusions drawn. The state of the art in packaging of the avionics obtained from early test cell runs was utilized in the original logic
bus interface and related line replaceable modules is illustrated, design. Many modifications were made as a result of flight test

Au-!,. experience, but the overall test sequence has remained unchanged.
.ne engine diagnostic software utilizes approximately 100

N119-16780# Advisory Group for Aerospace Research and parameters per engine. The test logic is exercised four time per
Development. Neuilly.Sur-Seine (France). Propulsion and second and a fault is declared is a failure condition occurs for six
Energetics Panel. consecutive passes. Every effort is made to ensure that a single
ENGINE CONDITION MONITORING: TECHNOLOGY AND failure will result in only one fault code out of 154 possible codes
EXP2RIENCE per engine. The B-18 engine diagnostic program is the most
Oct. 1988 462 p In ENGLISH and FRENCH Symposium advanced flying test algorithm. Its inherent complexities are due
held in Quebec City, Quebec, 30 May - 3 Jun. 1988 to calculations of test limits based on aircraft flight mode,
(AGARD-CP 448: ISBN-92-835-0481; AD-A203800) Avail: NTIS environmental conditions, and engine control schedules. These
HC A20/MF A01 limits are then compa'ed to actual engine readings, and if

Topics addressed include: military operations; civil experience; established limits are exceeded, a fault code is annunciated.
manufacturer's perspective: turboprops and turboshafts; systems; Author
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N85-16789# Motoren- und Turbinen-Union Muenchen G.m.b.H. be more involved as regards: the acquisition of information on the
(Germany. F.R.). design of airborne systems and validation of measurement systems
ENGINE LIFE CONSUMPTION MONITORING PROGRAM FOR on the basis of flight tests; and the use of information to ensure
R9199 INTEGRATED IN THE ON-BOARD LIFE MONITORING the consistency of and engine models used by the aircraft in
SYSTEM engine monitoring systems and familiarity with the ECM system.
J. BROEDE In AGARD, Engine Condition Monitoring: Technology The predictable growth of this performance monitoring activity will
and Experience 11 p (SEE N89-16780 09-06) Oct. 1988 necessitate closer coordination with the engine manufacturers and
(AGARD-CP-448) Avail: NTIS HC A20IMF A01 airlines, the objective still being to quantify the deterioration of

The Or-board Life Monitoring System (OLMOS) of the GE each aircraft subassembly, i.e., the engines, the airframe and their
Tornado consists of on-board equipment (data acquisition unit, respective components. Author
DAU) where the majority of the data processing is carried out,
and of ground equipment (OLMOS Ground Station, OGS, N89-16795# Pratt and Whitney Aircraft, West Palm Beach, FL.
connected to the Central Logistic Support System. BMS) where FIOO-PW-220 ENGINE MONITORING SYSTEM
the majority of the data management tasks are carried out. The DENNIS A. MYERS and G. WILLIAM HOGG In AGARD. Engine
Engine Life Consumption Monitoring Program (ELCMP) is part of Condition Monitoring: Technology and Experience 9 p (SEE
OLMOS. Its main task is LCF life consumption calculation, which N89-16780 09-06) Oct. 1988
consists of data acquisition and data checking, calculation of (AGARD-CP-448) Avail: NTIS HC A20/MF A01
temperatures and stresses. as well as damage assessment. A The development and operational experience is reviewed of
general view of the calculation path within ELCMP is given, and the FIOO-PW-220 Engine Monitoring System currently in service
the hardware structure of the system is presented. Some with the U.S.A.F. and other national defense air forces utilizing
advantages of individual and complete engine monitoring are the F00-PW-220 engine and its derivatives. The F100-PW-220
pointed out. Author Engine Monitoring System (EMS) is an advanced logistics support

tools in production for the Pratt and Whitney F100 family ot gas
N89-16792# Deutsche Lufthansa A.G.. Hamburg (Germany. F.R.). turbine engines. The introduction of the PW-220 EMS represents
Maintenance Systems and Reliability. over 10 yrs of diagnostic system and maintenance technology
ENGINE CONDITION MONITORING: STATE-OF-THE-ART CIVIL development using aerospace electronic component design and
APPLICATION digital engine control system implementation. The PW-220 EMS is
HEINRICH SCHLUETER and ROLF SCHOEDDERT In AGARD, a comprehensive engine support system that is fully integrated
Engine Condition Monitoring: Technology and Experience 8 p (SEE with in-flight aircraft operating systems, as well as, ground based
N89-167B0 09-06) Oct. 1988 maintenance and logistics systems. Author
(AGARD-CP-448) Avail: NTIS HC A20/MF A01

With the introduction of the AIRBUS A-310, an enhanced ECM N89-16797# Rolls-Royce Ltd., Bristol (England). Engine Data
concept was established at Lufthansa. Highlights of the theme Systems.
include application areas and the economic aspects of everyday MILITARY ENGINE CONDITION MONITORING SYSTEMS: THE
airine operation. The ECM information system supoorts UK EXPERIENCE
maintenance personnel in detecting incipient engine failures, in C. M. OCONNOR In AGARD, Engine Condition Monitoring:
carrying out optimum adjustment of engine controls, and in cutting Technology and Experience 8 p (SEE N89-16780 09-06) Oct.
down the number of engine run-ups. It also assists overhaul 1988
personnel in removal planning and overhaul planning. All date are (AGARD-CP-448) Avail: NTIS HC A20/MF Aol
acquired by an aircraft integrated data system through expanded The monitoring of engine usage is probably as old as the gas
engine instrumentation and are periodically reported through an turbine engine itself. However, it was not until the mid-seventies
on-board printer. Data printouts are entered into the Luithansa that the concept of engine monitoring became viable following
computer network from each flight destination station. A high the appearance and general availability of Digital electronics,
degree of actuality data are processed on-line in the central including the minicomputer. Since, the proliferation of engine
computer at the Frankfurt maintenance base. In addition to engine condition monitoring has resulted in the development of many
modular performance and mechanical parameter analysis, data different systems and it is now customary for defense organizations
processing also performs automatic trend recognition and alert to include it among their requirements for new military aircraft
report generation. Author The functional requirements for engine condition monitoring are

usually defined in general terms, except for the life usage monitoring
N89-16793# Air France. Paris. Direction du Materiel. of major rotating components, these being the discs and the
THE CFM 56-5 ON THE A-320 AT AIR FRANCE ILE CFM 56-5 turbines. The level of importance afforded to the monitoring of
SUR A320 A AIR FRANCE) these components is attributable to safety and economic factors.
P. CHETAIL In AGARD. Engine Condition Monitoring: Technology Engine condition monitoring in the UK military has been built on
and Experience 19 p (SEE N89-16780 09-06) Oct. 1988 In the foundations of usage monitoring. It is interesting that except
FRENCH for vibration and oil system monitoring, the engine parameters
(AGARD-CP-448) Avail: NTIS HC A20IMF A01 required for usage monitoring can provide enough data for many

A brief history of engine monitoring strategies used by Air France other condition monitoring functions. This idea is further expanded
is presented and the systems limitations encountered in service and detailed. Author
are discussed. The engine monitoring system to be used for the
A-320 aircraft is described. The use of the AIRCOM system, the N89-16798# General Electric Co. Cincinnati. OH. Monitoring
automatic alert function, and the use of the GEM (Ground based Systems Engineenng.
Engine Monitonng) program for data analysis are discussed. MILITARY ENGINE MONITORING STATUS AT GE AIRCRAFT

M.G ENGINES, CINCINNATI, OHIO
R. J. E. DYSON and M. J. ASHBY In AGARD, Engine Condition

N89-16794# Aerospatiale Usines de Toulouse (France). Aircraft Monitoring: Technology and Experience t p (SEE N89-16780
Div 09-06) Oct. 1988
IMPLICATION OF ENGINE PERFORMANCE MONITORING FOR (AGARD-CP-448) Avail: NTIS HC A20/MF A01
THE AIRCRAFT MANUFACTURER (IMPLICATION DE The design and development of GE Aircraft engines of recent
L'AVIONNEUR DANS LE SUIVI DES PERFORMANCES DU military engine monitoring systems is described. In particular, the
MOTEUR) systems for the F101-GE-102 engine in the B-AB aircraft and the
A VIEILLARD In AGARD, Engine Condition Monitoring: Ft10-GE-100 engine in the F-16C/D are used as examples. Since
Technology and Experience 6 p (SEE N89-16780 09-06) Oct. both of these systems have recently been introduced into service.
1988 In FRENCH this experience is discussed together with operational status. These
(AGARD-CP-448) Avail: NTIS HC A20/MF A01 present systems are compared with fiture evolutionary trends which

The experience acquired by Aerospatiale in the Airbus and are affected by the development of miniaturzed, rugged electronics
ATR programs has highlighted the necessity for the aircraft and by the desiie to minimize the unique hardware and software
manufacturers to be associated with Engine Conditioning Monitoring required for engine monitoring. A discussion of interfaces, both
(ECM) system implementation. The aircraft manufacturer will thus airborne to the flight crew, and. through support equipment and
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ground analysis programs, to the ground crew, is included. N89-16810# National Technical Univ., Athens (Greece). Lab.
Author of Thermal Turbomachines.

DISCRETE OPERATING CONDITIONS GAS PATH ANALYSIS
A. STAMATIS and K. D. PAPAILIOU In AGARD. Engine Condition
Monitoring: Technology art Experience 10 p (SEE N89-16780
09-06) Oct. 1988

N9-16799# General Electnic Co.. Cincinnati. OH. Moitoring (AGARD-CP-448) Avail: NTIS HC A20/MF A01
Systems Engineering. The implementation of a reliable Diagnostic System based on
COMMERCIAL ENGINE MONITORING STATUS AT GE a Gas Path Analysis (GPA) approach is not always feasible. Extra
AIRCRAFT ENGINES, CINCINNATI, OHIO instrumentation is required in order to predict, detect, and isolate
R. J. E. DYSON and J. E. PAAS In AGARD, Engine Condition failures. Discrete Operating Conditions Gas Path Analysis
Monitoring: Technology and Experience 12 p (SEE N89-16780 (DOCGPA). presented here, is an extended version of the
09-06) Oct. 1988 conventional GPA algorithm, providing the capability of increased
(AGARD-CP-448) Avail: NTIS HC A20/MF A01 reliability when using only existing sensors for estimating engine

The design, introduction and development of expanded malfunctions. Author
commercial engine monitoring systems by GE Aircraft Engine is
described. The history of present systems is outlined, starting from N89-116811 # Hochschule der Bundeswehr, Hamburg (Germany.
the introduction of the CF6-80A3 engine for the A310 aircraft of FR.).
the Propulsion Multiplexer (PMUX) which has led to similar systems GAS PATH MODELLING, DIAGNOSIS AND SENSOR FAULT
on the CF6-80C2 engine. The impact of the full authority digital DETECTION
control on future systems is also discussed. The introduction and R. LUNDERSTAEDT and K. FIEDLER In AGARD, Engine
application of the Ground-based Engine Monitoring (GEM) software Condition Monitoring: Technology and Experience 13 p (SEE
developed by GE in conjunction with several airline users is N89-16780 09-06) Oct. 1988
recounted. The original software development occurred in parallel (AGARD-CP-448) Avail: NTIS HC A20/MF AOt
with the expanded sensor complement and digitization of data. A The gas path analysis (GPA) becomes more and more an
description of the functions of a typical ground software program important method for the diagnosis of jet engines. Here, a
is provided together with proposed improvements and future fundamental way of finding the mathematical engine model is
directions. Author shown, especially with regard to the adaptation of the coefficients

of the system matrix to the gradients of the charactenstic curves
of the turbomachines. The theoretical fundamentals are applied
to a two-shat jet engine. In order to test the method some faults

N89-16801# Bureau Veritas, Pans (France). in the engine are simulated. All faults are detected very accurately
TREND MONITORING OF A TURBOPROP ENGINE AT LOW and the method shows by this its efficiency. For practical use of
AND MEAN POWER [TREND-MONITORING DES TURBO- the method, the faults of the measuring device (sensors) are to

PROPULSEUR DE PETITE ET MOYENNE PUISSANCE] be taken into consideration. Therefore filter algorithms are outlined
PHILIPPE VAQUEZ In AGARD. Engine Condition Monitoring: to diminish the stochastic parts of these faults. For the systematic
Technology and Experience 9 p (SEE N89-16780 09-06) Oct. parts (offsets), a special and new theory is developed for

1988 In FRENCH compensation. For both, simulation results are given based on
;AGARD-CP-448) Avail: NTIS HC A20/MF A01 actual test stand data. Author

Trend monitoring relates to the observation, between two N89-16812# Technische Univ.. Munich (Germany FR.). Inst
maintenance periods, of changes in certain parameters that fuer Luft-und Raumfahrt/Flugantriebe.
represent the physical state of an engine. The experiences of SYSTE THEORETCAL METHOD FOR DYNAMIC
French engineers with the use of this method are discussed. ON-CONDITION MONITORING OF GAS TURBINES
Specifically, the application of trend monitoring to the Pratt and F. HOERL G. KAPPLER, and H. RICK In AGARD. Engine
Whitney PT6 A and PW 120, and the General Electric CT 7 G. Monitori andlHg and in p Ee
turboprop engines is discussed. The engines were mounted on Condition Monitoring: Technology and Experience 17 p (SEE
various single and twin engine aircraft. Author N89-16780 09-06) Oct. 1988(AGARD-CP-448) Avail: NTIS HC A20lMF A01

In order to ensure reliability and safety of such complex
technical systems as aero-engines, model-related diagnostic
technicies must be applied. The basis for this is a linear,

N89-16807# Stewart Hughes Ltd., Southhampton (England). time-invariant, dynamic engine state space model derived from
GETTING MORE FROM VIBRATION ANALYSIS system analysis. Due to the model order and the associated
R. M. STEWART. I. C. CHEESEMAN, and K. LIBROWSKI In difficulties, order reduction procedures are used. The diagnostic
AGARD, Engine Condition Monitoring: Technology and Experience parameters to be taken into account are integrated into a dynamic
12 p (SEE N89-16780 09-06) Oct. 1988 disturbanco model. This disturbance model and the reduced engine
(AGARD-CP-448) Avail: NTIS HC A20/MF AOt model form the extended dynamic engine state space model. A

Traditional vibration monitoring of gas turbines has been detailed investigation of the dynamic system for observability and
restricted to activation of alarms from overall levels and shaf disturbability is essential. Because of measuring/process noise and
orders. Use of more of the information contained in the signal other system disturbances, dynamic state estimation methods are
could improve fault coverage and diagnostics. The practical applied in the diagnosis, whereby the synthesis of such observer
problem is one of being able to model the vibration Of an engine systems is a crucial point. The usefulness of the dynamic monitonng
in sufficient detail. Furthermore, some problems experienced in method is demonstrated on the example of the helicopter engine
the field have origins that no designer could be expected to predict, using computed simulations. A sensitivity analysis allows the
i.e., module mismatch. How then to proceed. Any practical system accuracy of the diagnostic results to be estimated. Author
must incorporate an evolutionary mechanism that feeds skilled
field operator experience to a computer based monitoring system. N89-16817# Stewart Hughes Ltd., Southhampton (England),
This is based on the machine designer's knowledge and improves Centre for Advanced Technology.
its performance by this feedback. Fortunately, there is a growing GAS PATH CONDITION MONITORING USING ELECTROSTATIC
body of technology on the vibration produced by gas turbine TECHNIQUES
engineE both to do with its interpretation and signal processing CELIA FISHER In AGARD. Engine Condition Monitonng:
which make such a system feasible. Two areas of application are Technology and Experience 10 p (SEE N89-16780 09-06) Oct.
dealt with, the first connected with engine module roughness 1988 Sponsored by Ministry of Defence Procurement Executive,
diagnostics and the second with fault identification of individual London. United Kingdom
components such as main line bearings and accessory dnve gears. (AGARD-CP-448) Avail: NTIS HC A20/MF A01
For both. much of the hardware required to gather the necessary The concept of condition monitoring using electrostatics offers
data is being specified and constructed, so overcoming a major the opportunity to monitor gas path faults as they occur. It is
objection to furtherance of this technology. Author based on the assumption that gas path distresses, such as blade
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rubs and combustor burns, cause the production of minute particles offering major advantages but also potential risks. For individual
of debris, which carry electrostatic charge, and can be monitored titles, see N89-18447 through N89-18486.
on suitable sensors mounted in the engine. The engine has a
normal level of charge. which produces a background signal. The N89-18447# Test Wing (6510th). Edwards AFB, CA. F-16
debns produced by distresses causes a change in the signal which Combined Test Force.
can be monitored using suitable signal processing techniques, MEASURES OF MERIT FOR ADVANCED MILITARY AVIONICS:
Described here is the research work which was necessary to A USER'S PERSPECTIVE ON SOFTWARE UTILITY
provide an understanding of the mechanisms involved. This forms MARK C. DICKERSON and VICTOR M. LASAXON (Computer
the besis of the technique which is described, with examples of Sciences Corp., Edwards AFa, CA.) In AGARD, Software
the application of the systems to various engines. Author Engineering and Its Application to Avionics 14 p (SEE N89-18446

11-06) Nov. 1988

N-t16818# Atomic Energy of Canada Ltd.. Pinawa (Manitoba). (AGARD-CP-439) Avail: NTIS HC At8/MF A0l

AN INTELLIGENT SENSOR FOR EQUIPMENT HEALTH Recommendations are provided for improving the software
MONITORING OF FERROMAGNETIC WEAR DEBRIS development process. The recommendations are the result of
CONCENTRATION IN FLUIS discussions with F-15, F-16, and HH-60 test pilots, navigators,

K. W CHAMBERS. M. C. ARNESON, J. L. MONTIN, W. DUECK, and flight test engineers. Because today's aircraft are becoming

and C. A. WAGGONER (Defence Research Establi-hment Pacific, so software intensive, and because the development process is
Victoria, British Columbia ( /n AGARD, Engine Condition so involved, users and developers must redouble efforts to design
Monitoring: Technology and Experience 10 p (SEE N89-16780 systems correctly for the first time. Although 29 specific

09-06) Oct. ?988 recommendations are given, they can be boiled down to four

(AGARDCP-448) Avail: NTIS HC A20/MF A01 general guidelines: keep switch actions to a minimum; keep
FERROSCAN R is a device that has been developed for the switchology consistent; tailor displays by flight phase, but keep

Canadian Department of National Defence by Atomic Energy of other options visible; tailor displays by flight phase, but keep other

Canada Limited (AECL) for monitoring the relative concentration options visible; and most important, carefully process and meter

of ferromagnetic wear debris in fluid systems. FERROSCAN R the information presented to avoid pilot overload. Author

generates a wear profile in real time and uses it to detect the N89-18448# French Air Force. Paris. Div. Nouveaux Avions de
onset of an increase in the rate of wear of ferromagnetic Combat.
components. Describeor here are the background, development RESPONSIBLE REQUIREMENTS DEFINITION FOR COMBAT
and operating principles of the sensor, Some engineering test AIRCRAFT IN LIGHT OF UNCERTAINTIES LINKED TO
results are given. Author ARTIFICIAL INTELLIGENCE AND EXPERT SYSTEMS

TECHNIQUES [LE RESPONSABLE DE L-EXPRESSION DU
N19g-18819# Rolls-Royce Ltd., Derby (England). BESOIN FACE AUX INCERTITUDES LIEES AUX TECHNIQUES
COMPASS (TRADEMARK): A GENERALIZED GROUND-BASED DE L'INTELLIGENCE ARTIFICIELLE ET DES SYSTEMS
MONITORING SYSTEM EXPERTS SUR LES AVIONS DE COMBAT]
M, J. PROVOST In AGARD, Engine Condition Monitoring: JEAN-GEORGES BREVOT In AGARD, Software Engineering
Technology and Experience 13 p (SEE N89-16780 09.06) Oct. and Its Application to Avionics 8 p (SEE N89-18446 11-06) Nov
1988 1988 In FRENCH
(AGARD-CP-448) Avail: NTIS HC A20/MF AO (AGARD-CP.439) Avail: NTIS HC A18/MF A01

Condition monitoring has developed from simple hand recording The factors involved in the definition of requirements for combet
and analysis of cockpit instrumentation to the use of electronic aircraft are discussed with particular attention being given to the
systems selecting and recording a multitude of measurements for development of operational specifications, prediction of future
transmission to ground-based computer systems, which store and combat mission conditions, technology advances, cost and
analyze data from an entire fleet. COMPASS (Condition Monitoring development problems, and crew workloads, The application
and Performance Analysis Software System) is a ground-based domains of artificial intelligence and expert systems are outlined
computer system, currently being developed by Rolls-Royce pIC and the advantages and disadvantages of the systems are
for application on the Rolls-Royce RB21 1 and Tay and International discussed. Author
Aero Engines (IAE) V2500 turbofans. After discussing the benefits
of monitoring system, COMPASS, its sources of data and its N89-18452# Aerospatiale, Marignane (France) Div,
analytical functions, including details of new techniques developed Helicopteres.
to improve the usefulness of the analysis that is done are described. CONTROL OF ON-BOARD SOFTWARE I MAITRISE DES
Also shown is how COMPASS is designed in two parts: - analytical LOGICIELS EMBAROUES}
functions specific to a given application and general host routines. MONIOUE SLISSA and PIERRE VILLEDIEU In AGARD. Software
providing all the housekeeping functins required in any monitoring Engineering and Its Application to Avionics 10 p (SEE N89-18446
system, including smoothing and trending, alert generation, fleet 11-06) Nov. 1988 In FRENCH
averaging, compression, data management and data plotting. The (AGARD-CP-439) Avail: NTIS HC A18/MF A01
use of the general host rou~ines could be extended to cover any Various aspects of the flight software development process
operation. The approach Rolls-Royce pc is adopting to enable are examined including the evolution of the industial environment.
the COMPASS host to be made available for widespread application the general strategy for system management, and the politics of
is discussed. Author software development. Productivity concepts such as code

reusability and error minimization are addressed. Specific attention
NS9-1S440# Advisory Group for Aerospace Research and is given to the software development cycle and methodologies
Development, Neuilly-Sur-Seine (France). Avionics Panel. utilized by the Aerospatiale Helicopter Division. Author
SOFTWARE ENGINEERING AND ITS APPLICATION TO
AVIONICS N69-18454# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
Nov. 1888 405 p In ENGLISH and FRENCH Symposium (Germany. F.R.).
held in Cesme, Turkey, 25-29 Apr. 1988 AVIONICS SYSTEMS ENGINEERING AND ITS RELATIONSHIP
(AGARD-Cv'-439 ISBN-92-835-04836; AD-A203892) Avail; TO MISSION SOFTWARE DEVELOPMENT
NTIS HC AIBIMF A01 HERBERT KLENK and HELMUT RAPP In AGARD, Software

Software engineering has evolved rapidly but the gap between Engineering and Its Application to Avionics 13 p (SEE N89-18446
demand and software output continues to grow. By the end of 11-06) Nov. 1988
the decade research programs in North America. Europe, and (AGARD-CP-439) Avail: NTIS HC A18/MF A01
Japan will begin to produce resufts in the areas such as software The introduction of digital Avionics into military fighter aircraft
tools, and computer architecture. The symposium considered how and the accompanying transition from electromechanical to
their advances might be applied to the avionics systems of the software-intensive systems are forcing the aviation industry into
nineties and beyond and their impact on the aspralons in areas new approaches to systems design, development, integration, and
such as operation, and fault tolerances. The software element of test. The avionic systems development and methodology
modern weapons systems continues to grow in size and complexity; established and used at MBB, its relationship to software
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development and the experiences made by the application of this N89-18472# General Dynamics Corp.. Fort Worth, TX.
development methodology and its related tools to such major INTEGRATION OF ADVANCED SAFETY ENHANCEMENTS FOR
programs as the development of the Electronic Combat F-16 TERRAIN FOLLOWING
Reconnaissance Tornade. the integration of the HARM missile JAMES BLAYLOCK, DONALD SWIHART, and WILLIAM URSCHEL
into the Interdiction Strike Tornado and the Improved Combat (Aeronautical Systems Div.. Wright-Patterson AFB, OH.) In
Efficiency Program of the German F-4F Phantom. As far as the AGARD. Software Engineering and Its Application to Avionics 10
weapon system Tornado is concerned, avionics system design, p (SEE N8g-18446 11-06) Nov. 1988 Previously announced as
integration, and test as well as system software are trinational A88-22573
under takings which include three different customers and different (AGARD-CP-439) Avail: NTIS HC At8/MF A01
operational needs. Any systems development methodology has to Application of System-Wide integrity Management (SWIM) to
reflect these prerequisites. Therefore, also addressed are the the maximization of flight safety for the F-16 terrain following (TF)
problems and solutions for international cooperation in systems system is considered. The architecture of the F-16 TF system is
and software development and their impact upon project discussed, identifying areas where conventional self-test is not
management and control. The toolset in use for system sufficient to ensure flight safety. Detection of flight-critical
development requires further enhancements. Potential malfunctions by SWIM is followed by an automatic recovery
improvements of existing and requirements for additional tools maneuver consisting of a roll to wings-level fly-up for the F-16
are also being described. Author system. The addition of SWIM to the single-thread configuration

of the F-16 TF system results in 14 percent predicted mishap
rate reduction at far less cost and installation impact then the
redundant configuration (which offers a 17 percent reduction).

N89-18469# Allgeimeine Elektrizitaets-Gesellschaft Ulm Author

(Germany, F.R.). Airborne Radar System Group,
AVIONICS EXPERT SYSTEMS
ULRICH D. HOLZBAUR In AGARD. Software Engineering and
Its Application to Avionics 18 p (SEE N89-18446 11-06) Nov.
1988 N89-18481# Thomson-CSF, Malakoff (France). Radar.
(AGARD-CP-439) Avail: NTIS HC A18tMF A0t Counter-Measure, Missile Div.

Some experiences and ideas on the expert systems (XS) REAL TIME EXPERT SYSTEM FOR ONBOARD RADAR
approach to solving problems of avionic data processing are IDENTIFICATION
presented. The focus is on problems concerning fighter aircraft THIERRY SCHANG and FRANCOIS FAGES (Thomson-CSF,
and within these mainly on radar components. Avionics expert Orsay, France I In AGARD, Software Engineering and Its
systems may be a development tool, part of a ground support Application to Avionics 7 p (SEE N89-18446 11-06) Nov. 1988
system or integrated in an avionics data processing system. In Sponsored in part by DRET
the aircraft, main applications comprise mission oriented tasks like AGARD-CP-439) Avail: NTIS HC A8/MF A01
pilot's associate and sensor oriented tasts like navigation or radar. TGe-use Availr Ns tC for adl

Areas in which more intelligent radar data processing is needed The use of expert system tecdniques for radar identification in

comprise situation awareness, mode selection, and electronic countermeasure systems was widely discussed in literature The

couner ountrmesure (ECM).nonoopeatie taget main advantages of such a system are that itris easily adaptablecounter countermeasures (ECCM), noncooperative target t h vrcagn prtoa il n hti a ett

identification (NCI). and radiation management. To show the to the ever changing operational field and that is can dense

applicability of the expert systems approach to identification tasks. modern radars with their increasingly complex signals These

a demonstration system for the recognition of aircraft from the systems are however very demanding on computng resources

textural description of a picture was developed and tested, and their adaptation to on-board, real-time processing is not
Author straightforward. The application under consideration is first briefly

described. The constraints that arise out of its real time operation
are then detailed along with how each one can be elminatedThe application of these concepts to a real time radar identification

function is then described. Finally. future objectives In the
N89-18470# Aerospatiale, Paris (France). integration of artificial intelligence techniques for on-board
CONTRIBUTION OF EXPERT SYSTEMS TO AVIONICS processing are described. Author
ADVANCE APPLICATION ON AS30 LASER WEAPON SYSTEM
SERGE DUPUY In AGARD, Software Engineering and Its
Application to Avionics 7 p (SEE N89-18446 I 1-tw) Nov. 1988
Previously announced as N88-29449

(AGARD-CP-439) Avail: NTIS HC A18/MF A0l
Artificial intelligence and expert systems are introduced. The N89-18483# Efectronique Marcel Dassault, Saint Cloud

interest and difficulties relating to this technique are exposed. An (France).
example of expert system development for AS30L weapon system UTILIZATION OF EMICAT FOR THE DEVELOPMENT OF
illustrates the points stated, Prospects of this technique for avionics AEROSPACE EXPERT SYSTEMS (UTILISATION DE EMICAT
are assessed. ESA POUR LE DEVELOPPEMENT DE SYSTEMES EXPERTS

AEROSPATIAUX)
BRUNO MEHU and ANTOINE VIVANCOS In AGARD. Software
Engineering and Its Application to Avionics 8 p (SEE N89-18446

N89-18471# Avions Marcel Dassault-Sreguet Aviation. 11-06) Nov. 1988 In FRENCH
Saint-Cloud (France). (AGARD-CP-439) Avail: NTIS HC A18/MF A01
INTEGRATION OF VOCAL DIALOGUE ON-BOARD A COMBAT The major difficulties encountered during the development of
AIRCRAFT (INTEGRATION DU DIALOGUE VOCAL A BORD PROLOG expert systems in an industrial environment are
D'UN AVION DE COMBAT] discussed. The necessity for the extension from PROLOG to an
J LBUSTAMANTE In AGARD, Software Engineering and Its obiect oriented language is explained and strategies for the
Application to Avionics 10 p (SEE N89-18446 11-06) Nov 1988 facilitation of expert system programming are described In addition.
In FRENCH the environment constructed on the PROLOG extension IEMICAI)
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 for knowledge representation and exploitation in the form of

The integration and use of vocal dialogue methods in combat production rules is described Four applications in the areas of
aircraft is examined. In particular, research related to the simulation aeronautics and aerospace are discussed including: an expert

and implementation of such methods on the Rafale demonstrator system for defining aircraft electronic circuits (BASILE); an expert
aircraft is descnbed. Integration of voice command capabilities system for satellite battery monitoring and management (GIBUS):
with head-up and Other visual displays is addressed. A tapping an expert system diagnostic aid for satellite orbit and attitude
rhythm task was performed to assess pilot performance with and control (SCAO); and an expert system for satellite power supply
without voice dialogue. Author management and fault detection (PCS). Author
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N81-11416#8 Messerschmitt-Boelkow-Blohm G.m.bH. Munich and turbines, a deep understanding ot the inftuence of transonic
(Germany. F.),? Military Aircraft Div and supersonic phenomena is essential, The meeting was aimed
ADA IN EMBEDDED AVIONIC SYSTEMS at providing a contribution to tbis goal. For individual titles, see
W MANSEL In AGARD. Software Engineering and its Application N87-2t928 through N87-21951.
to Avionics 7 p (SEE N89-18446 11-06) Nov. 1988
(AGARD-CP-439% Avail: NTIS HC A16/MF AOt N87-21929'# Naionat Aeronautics and Space AdminiStration.

Ada will be used tor real-time avionic software on the Tornado Lewis Research Center. Cleveland, OH.
aircraft upgrade program and on the EFA program, For the HARM SHOCK STRUCTURE MEASURED IN A TRANSONIC FAN USING
integration program onto the Tornade aircraft an Ada crosscompiler LASER ANEMOMETRY
based on the Karlsruhe compiler Lachnology configured to a JERRY R WOOD. ANTHONY J STRAZISAR, and P. SUSAN
multiprocessor avionic computer is used. Software prototyping was StMONYI (Sverdrup Technology. Inc.. Middleburg Heights, Ohio.)
applied to gain experience with Ada avionics application. The results on AGARD Transonic and Supersonic Phenomena In
will be discussed as well as the experience from benchmark tests Turbomachines 14 p (SEE N87-21927 15-07) Mar. 1987
on different Ada crosscompiler systems for the single processor (AGARD-CP-401) Avail: NTIS HC A16/MF AOt CSCL 21E
MC 68000 and 68020 microprocessor targets. Special emphasis Shock structure measurements acquired in a low aspect rabo
will be taken on Ada tasking and the parallelism in avionic transonic tan rotor are presented and analyzed. The rotor aspect
software. Author ratio is 1.56 and the design tip relative Mach number is 1.38. The

rotor flowfield was surveyed at near maximum efficiency and near
stall operating conditions. Intra-blade velocity measurements

07 acquired with a laser fringe anemometer on blade-to-blade planes
in the supersonic region from 10 to 60 perceA -I span are presented.
The three-dimensional shock surface determined from the velocity

AIRCRAFT PROPULSION AND POWER measurments is used to determine the shock surface normal Mach
number in order to properly calculate the ideal shock lump

Includes pnme propulsion systems and systems components, e.g.. conditions. The ideal jump conditions are calculated based upon
gas turbine engines and compressors; and onboard auxiliay powe the Mach numbers measured on a surface of revolution and based
plants for aircraft, upon the normal Mach number to indicate the importance of

accounting for shock three dimensionality in turbomachinery design
Comparison ot the shock locations with those predicted by a 3-D

N87-21184# Imperial Coll. o Science and Technology. London Euler code showed very good agreement and indicated the
(England) Dept of Mechanical Engineering usefulness of integrating computational and experimental work to
VELOCITY AND TEMPERATURE MEASUREMENTS IN A enhance the understanding of the flow physics occurring in
CAN-TYPE GAS-TURBINE COMBUSTOR transonic turbomachinery passages Author
A. F BICEN, M V HElTOR (lnstituto Superic- TecnKo. Lisbon,
Portugal). and J. H. WHITELAW In AC \RD Advanced N87-21930# Advisory Group for Aerospace Research and
Instrumentation for Aero Engine Components 2 p (SEE Development. Neuity-Sur-Seine (France). Dept. o Engineering
N87-21170 14-31) Nov 1986 Sciences
(AGARD-CP-399) Ava.: NTIS HC A24/MF AGl WAKE AND SHOCK INTERACTIONS IN A TRANSONIC

Velocity and temperature measurements have been obtained TURBINE STAGE
in a can-type combustor operating at near atmospheric pressure. D. L. SCHULTZ. A B JOHNSON, D A ASHWORTH. M. J RIGBY
Velocity characteristics were determined with a laser Doppler and J. E. LAGRAFF (Syracuse Univ., N, Y.) In AGARD Transonic
velocimeter and a digitally compensated fine bare-wire and Supersonic Phenomena in Turbomachines 16 p (SEE
thermocouple was used to measure the mean and rms values of N87-21927 15-071 Mar. 1987
temperature fluctuations The experimental methods are (AGARD-CP-401) Avail: NTIS HG At6/MF A01
emphasized The main sources of imprecision are identified. the The strong trailing-edge shock waves from the nozzle guide
estimate of the related errors are evaluated. Sample results are vanes of transonic turbine stages can give rise to interactions
given so as to demonstrate the effect of air-tuel ratio on the with the downstream rotor which are significantly more severe
velocity and temperature charactlinstics of the combustor The than is the case with lower pressure ratio stages. It is therefore
imprecision in velocity measurements was mainly associated with important to siudy such affects in detail both from the point o'
statistical errors and velocity gradient broadening effects due to view of stage power output and more importantly from that of
the finite size of the measurement volume. The maximum statistical heat transfer rates. Transonic rotor profile was made in a static
errors were of the order of 2 and 3% for the mean and rms cascade in which the effect of shock wave interaction is simulated
values and the broadening effects can lead to overestimation by by means of an array of bars rotating at the correct speed and
up to 25% in the rms values of the swirl velocity component near spacing upstream of the stationary rotor blades. Detailed heat
the swi r center The error in the mean temperature was mainly transfer rate measurements made with rapid response gauges
due to radiation losses which monotonically increased with enable the wake and shock phenomena to be separated. Author
temperature and were less than 8%. The catalytic effects were
small and limited to regions close to the fuel injector. causing a N07-21931 # Deutsche Forschungs- und Versuchsanstalt tuer
maximum increase in the mean temperature by no more than 70 Lull- und Raumfahrt, Brunswick (Germany. F.R.) Inst. tuer
K The uncertainties in the time constant resulted in a maximum Entwurlsaerodynamik.
error in the rms values of the order of 7% The effect of AFR on THE BOUNDARY LAYER BEHAVIOUR OF HIGHLY LOADED
the velocity and temperature characteristics was relatively weak COMPRESSOR CASCADE AT TRANSONIC FLOW
in the primary zone of the combustor. Author CONDITIONS

H HOHEISEL and N J SEYB IRolls-Royce Lid., Bristol. England)
NHS-21927# Advisory Group for Aerospace Research and In AGARD Transonic and Supersonic Phenomena in Turbo-
Development, Neuitly-Sur-Seine (Francel. Propulsion and machines 17 p (SEE N87-21927 15-07) Mar. 1987
Energetics Panel (AGARD-CP-401) Avail: NTIS HC A16/MF A01
TRANSONIC AND SUPERSONIC PHENOMENA IN The design ol efficient blade profiies for gas turbine
TURBOMACHINES compressors can no longer be effectimely carned out through the
Mar 1987 374 p In ENGLISH and FRENCH Meeting held in use of correlations of 20-cascade data, For the description of the
Munich. West Gerrmany, 10-12 Sep. 1986 real flow field three dimensional effects have to be taken into
(AGARD-CP-401; ISBN-92-835-0413-5; AD-Al82996) Avail: account. Modern theoretical ca(culation methods which involve the
NTIS HG At6/MF A01 determination of blade profile pressure distribution and the

The Specialists' Meeting was arranged in the following sessions: associated boundary layer parameters, are now becoming accepted
Experimental Data on Shock Structures: Shock Induced Losses practice However before the engine designer can have confidence
Including Shock Boundary Layer Interaction; Computational Results in these methods the predicted performance must be demonstrated
and Blade De.gn Methods. In order to maintain high efficiency to be in good agreement with experimental data. An accurate set
and refakabiit of advanced engines with high speed in compressors of experimental measurements of blade profile pressure
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distributions and boundary layer parameters are presented under supersonic compressors are derived and possible perspectives
quas-3D-flow conditions and these are :ompared with the predicted are described. Author
performance for a high deflection transonic compressor cascade.
It iS shown that for conditions near minimum loss incidence the N87-21936# Office National d'Etudes et le Recherches
agreement between measure and predicted values is achieved to Aerospatiales. Paris (France).
an adequate engineering standard and that the two most important SHOCK WAVES LOSSES ANALYSIS
aspects, choking flow and boundary layer separation are well ANTOINE FOURMAUX and ALAIN LEMEUR In AGARD Transonic
predicted Also the data presented could be used to further update and Supersonic Phenomena in Tuibomachines 11 p (SEE
and improve the current prediction methods. Author N87-21927 15-07) Mar. 1987 In FRENCH; ENGLISH summary

(AGARD-CP-401) Avail: NTIS HC A16/MF A01
N87-21932*# Massachusetts Inst. of Tech.. Cambrdge. Gas In advanced technology turbomachinery design, reducing
Turbine Lab. aerodynamic losses is an important matter. Schematically, these
VORTEX SHEDDING IN COMPRESSOR SLADE WAKES losses have 3 origins: losses related to the leading-edge shock;
A H EPSTEIN. J. B. GERTZ. P R. OWEN. and M. B GILES In losses related to the main-compression shock; and friction losses,
AGARD Transonic and Supersonic Phenomena in Turbomachines related to the boundary layer evolution. For given inlet and outlet
13 p (SEE N87-21927 15-07) Mar. 1987 Sponsored by NASA. conditions, a judicious designing of the blade profiles may induce
Lewis Research Center and AFOSR a minimum loss level. In order to successfully conclude such a
(AGARD-CP-401) Avail: NTIS HC At6/MF AO CSCL 21E design, some rather experimental work was recently performed in

The wakes of highly loaded axial compressor blades were often ONERA. the main results of which are presented Leading edge
considered 10 be turbulent, unstructured flows. Recent work has shock (the influence of the leading edge shape on the shock and
suggested that the blade wakes are in fact dominated by a vortex on its impingement on the lower blade section surface);
street-like structure. The work on the wake structure at MIT is experimental analysis of a single blade-to-blade passage in order
reviewed, the results of a viscous numerical simulation are to validate certain principles concerning shock/boundary layer
presented. the blade wake vortices are compared to those shed interaction; and experimental analysis of a cascade in which the
from a cylinder, and the implications of the wake structure on blade profile is specially designed to minimize the losses are
compressor performance are discussed. In particular, a examined. All projects were done on two-dimensional flow. The
two-dimensional, time accurate, viscous calculation shows both a alternate use of theoretical and experimental methods will be
periodic wake structure and time variations in the passage shock emphasized, Author
strength, The numerical calculations are compared to laser
anemometer and high frequency response probe data The effect N87-21937# Deutsche Forschungs. und Versuchsanstalt fuer
of the wake structure on the entropy production and apparent Luft- und Raumfahrt. Cologne (Germany, F.R.). Inst. fuer
adiabatic efficiency of the i-3mpressof rotor is discussed Author Antriebstechnik.

EXPERIMENTAL INVESTIGATIONS ON SHOCK LOSSES OF
N87-21934# Cambridge Univ. (England) Whittle Lab TRANSONIC AND SUPERSONIC COMPRESSOR CASCADES
MEASURED AND PREDICTED LOSS GENERATION IN H. A. SCHREIBER In AGARD Transonic and Supersonic
TRANSONIC TURBINE BLAING Phenomena in Turbomchines 15 p (SEE N87-21927 15-07) Mar
W N DAWES. J-J CAMUS, L. P XU, and C G. GRAHAM 1987
(Rolls-Royce Ltd. Bristol England I In AGARD Transonic and (AGARD-CP-401) Avail: NTIS HC A16/MF A01
Supersonic Phenomena in Turbomuchines 11 p (SEE N87-21927 The losses of transonic and supersonic compressor bladings
15-07) Mar 1987 are due to viscous effects and due to entropy rises in shock

(AGARD-CP-401) Avail. NTIS HC A16/MF A01 waves arising in the entrance regions and passages of the blades
For a typical transonic turbine rotor blade, designed foi use Depending on inlet Mach number, inlet flow angle, and back

with coolant election, the trailng edge, or base loss is three to pressure the shock Ioss level reaches 40 to 70 percent of the
four times the profile boundary layer loss. The base region of overall losses. Most of the loss prediction models in use conside,
such a profile is dominated by viscous effects and its seems viscous and shock losses separately. However. very few
essential to attack the problem of loss prediction by solvi 'he quatitative experimental data of shock losses are available to
compressible Naxier-Stokes equations. However, such an approach verify these models. A separation of the viscous and shock losses
is inevitably c-mpromised by both numerical accuracy and is performed by the analysis of wake measurements behind some
turbulence modeling constraints. A Navier-Stokes solver written compressor cascades The cascade tests were performed in the
for 20 blade-blade flows and employing a simple two-layer mixing inlet Mach number range from 0.8 to 1.7. Detailed information is
length eddy viscosity model are described Then, measured and presented about the shock structure and the regio.i of shock

predicted losses and base pressures are presented for two boundary layer interaction in the blade passage of a supersonic
transonic rotor blades and attempts are made to assess the cascade obtained with the aid of laser anemometry. Author
capabilities of the Naver-Stokes solver and to outli.,e areas for
future work. Author N87-21938# Alta Romeo S.p A.. Naples (Italy).

OPTIMISATION OF A TRANSONIC FLOW RADIAL VANED
N87-21935# Moloren- und Turbinen-Union Mue.chen G.m.b H DIFFUSER
(Germany. F.R.) SALVATORE COLANTUONI and RENE VANDENBRAEM-
INFLUENCE OF SHOCK AND BOUNDARY-LAYER LOSSES ON BUSSCHE (Von Karman Inst. for Fluid Dynamics. Rhode-
THE PERFORMANCE OF HIGHLY LOADED SUPERSONIC Saint-Genese, Belgium) In AGARD Transonic and Super-
AXIAL FLOW COMPRESSORS sonic Phenomena in Turbomachines 10 p (SEE N87-21927
K D BROICHHAUSEN and H E. GALLUS (Technische 15-07) Mar. 1987
Hochschule. Aachen, West Germany I In AGARD Transonic and (AGARD-CP-401) Avail NTIS HC .,16/MF A0l
Supersonic Phenomena in Turbomachires 14 p (SEE N57-21927 The transonic flow in an existing radial vaned diffuser was
15-07) Mar 1987 analyzed with a time dependent finite -.rea calculation method
(AGARD CP-401) Avail NTIS HC A16/MF AOl The calculated Mach number distribution indicates a strong bow

Performance and losses of trans/supersonic axial flow shock upstream if the throat. Based on this experience, new
compressors are influenced by shock structure, shock-boundary diffusers were designed in Order to optimize the Mach number
layer interactions and boundary layer separation. The combination distribution in the semi-vaneless space by designing for a
of these phenomena and their effects on the flow charactenstics shock-free deceleration. The best predictions are obtained with a
of superonic compressors are discussed. For this purpose modified version of the design method of Herbert and Came in
enpenmental results are compared with theoretical approaches which a radial change of diffuser width is iiicorporated. Experimental
involving different semi-empirical correlations for shock and results obtained with this optimized design sho an important
boundary layer losses, for separation and flow deviation. By an increase in range and confirms the shock-tree deceleration of the
approprate combination of these models the flow characteristics flow. The difference between the calculated and measured pressure
of supersonic compressors are interpreted and the performance distribution can be explained by incidence effect due to an incorrect
of such compressors is successfully reproduced in a wide range estimation of the boundary layer blockage on the lateral walls.
Finally. ger erally valuable statements on the design of highly loaded Better predictions will be possible only if a more precise definition
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of the real flow conditions at the diffuser inlet becomes available. conservation laws are solved in a rotating frame. The numencal
Author Scheme is explicit and first order accurate in time and space. To

achieve stability, explicit numerical viscosity is added. Three

N87-21940# Societe Nationale d'Etude et de Construction de alternative methods of ensuring the zero normal velocity condition
Moteurs d'Aviation, Moissy-Cramayel (France). along the solid walls are analyzed and their application is discussed.

THREE-DIMENSIONAL COMPUTATION AROUND In order to increase the convergence speed, a sequential
TURBOMACHINE BLADES WITH FINS (CALCUL god-refining procedure and a multiple-gnd algorithm are used in
TRIDIMENSIONNEL DANS LES AUBABES DE the code The accuracy and computational efficiency of the
TURBO-MACHINES AVEC NAGEOIRE] computer code are demonstrated for agreement for turbine and
T DERRIEN In AGARD Transonic and Supersonic Phenomena compressor cascades Author
in Turbomachines 15 p (SEE N87-21927 15-07) Mar 1987 In
FRENCH N87-21944# Air Force Wright Aeronautical Labs.
(AGARD-CP-401) Avail: NTIS HC A16/MF A01 Wright-Patterson AF8. OH.

The numerical solution of the Euler equations governing the A NUMERICAL STUDY OF UNSTEADY FLOW EFFECTS IN A
flow at finned blades of a rotating wheel is presented. An explicit SUPERSONIC COMPRESSOR CASCADE
domain method, selected for its simplicity, is used. The analysis SCOTT M. RICHARDSON In AGARD Transonic and Supersonic
of the computation results. comparing blades in the same conditions Phenomena in Turbomachines 11 p (SEE N87-21927 15-07) Mar
with and without fins, allowed the principle influences of the fins 1987
on the aerodynamic field to be revealed. M.G. (AGARD-CP-401) Avail: NTIS HC A16/MF A01

Recent experimental evidence exists which suggests that
N87-21941# Stuttgart Univ. (Germany, F.R.). Inst. fuer compressor cascades operating supersonically may pass a higher
Luftfahrtantrebe mass flow with a periodic inflow condition than with the
A QUASI THREE DIMENSIONAL METHOD FOR THE thermodynamically equivalent mass-averaged steady condition
CALCULATION OF TRANSONIC FLOWS IN TURBOMACHINES Since most compressor design methods rely on the use of an
JOERG HALLER In AGARD Transonic and Supersonic axisymmetric analysis, any excursion in mass flow caused by blade
Phenomena in Turbomachines 12 p (SEE N87-21927 15-07) Mar. row interactions will not be accounted ftr in the design The
1987 two-dimensional Navier-Stokes equations are solved using the
(AGARD-CP-401) Avail. NTIS HC A16/MF A01 MacCormick explicit algonthm to obtain the flow in a subsonic

A procedure based on the iterative coupling of flow calculations rotor cascade for both periodic and steady flow inlet conditions A
on St blade-to-blade stream surfaces and a flow calculation on outflow boundary condition is presented to model the unsteady
an S2 hub-to-tip stream surface is described The solutions on St cascade exit flow conditions by using localized heat addition to
surfaces of revolution are obtained by a time marching method in produce a choke point near the downstream boundary A
finite volume form, whereas a finite difference method is used for computational study of the wake model parameters used in the
the S2 calculation. The finite difference method uses a stream periodic inlet boundary condition is performed to determine their
funclori formulation based on a passage averaging technique in effect on the cascade mass flow swallowing capacity Author
order to account for non-axsymmetric flows, especially with shocks
inside a blade row. Sample calculations of a single-stage and a M87-21()45# Cambndge Univ. (England), Whittle Lab
two-stage compressor are presented and compared with A NUMERICAL STUDY OF THE 3D FLOWFIELD IN A
measurements. Author TRANSONIC COMPRESSOR ROTOR WITH A MODELLING OF

THE TIP CLEARANCE FLOW
N87-21942# Politecnico di Milano (Italy). Dipt. di Energetica. W. N DAWES In AGARD Transonic and Supersonic Phenomena
TRANSONIC THREE-DIMENSIONAL INVISCID CALCULATIONS in Turbomachines 12 p (SEE N87.21927 15-07) Mar 1987
IN TURSOMACHINES (AGARD-CP-401l Avail: NTIS HC A16/MF A01
F BASSI and M SAVINi (National Center for Energetics and Modeling the complex flowfield in a transonic axial compressor
Propulsion, Peschiera Borromeo, Italy I In AGARD Transonic rotor is a considerable bu; worthwhile challenge for flow prediction
and Supersonic Phenoniena in Turbomachines 10 p (SEE methods. A computer code aimed at solving the equations of
N87-21927 15-07) Mar. 1967 three dimensional viscous compressible flow in turbomachine
(AOARD-CP-401) Avail: NTIS HC A16/MF AOl goometnes is described The code is applied to the study of the

A finite volume Euler solvcr which was applied to the calculation flowfield in a transonic axial compressor rotor at design speed for
of the three-dimensconal transonic flow field through straight both maximum flow and towards stal; The rotor was designed
cascades is described The numerical algorithm, based on and tested using laser two-focus velocimetry The :otor has a
Jameson's approach, uses a centered space discretization, with hub-tip ratio of 0 5 and design speed of 20,260 rpm At the design
explicit adaptive dissipation terms, and a three-stage Runge-Kutta point the rotor pressure ratio is 1 626 and the mass flow 1/ 1
method for the time integration the convergence lo the steady kg/s. The predicted flowfield is Tompared with the la-,
state solution may be enhanced by using local time step, residual measurements and the performance of the code discussed In
smoothing, and enthalpy damping. The calculations were performed addition the discussion highlights the changes in the predicted
in a O-type gnd, obtained by means of a constructive approach endwall and tip clearance flows as the rotor operating point is
which guarantees good properties of smoothness. orthogonality, moved towards stall. Author
and resolution near the body The computational code was applied
to two turbine blade cascades in transonic regime tested at the N87-21947# Rolls-Royce Ltd. Bristol (England) Theoretical
von Karman institute Three-dimensional effects were introduced Science Group
t y imposing an inlet velocity profile normal to the endwall The SOME TURBOMACHNERY SLADE PASSAGE ANALYSIS
computational results show good agreement with the blades METHODS: RETROSPECT AND PROSPECT
pressure experimental data and the code performed well in the D. CARRAHAR and T R. KINGSTON In AGARD Transonic and
prediction and development of the secondary flow vortices Siipersonic Phenomena in Turbomachines 16 p (SEE N97-21927

Author 15-07) Mar 1987
IAGARD-CP-401) Avail NTIS HC A f6/MF A01

N87-21943# Motoren- und Turbinen-Union Muenchen Gm b H The development of time marching methods to anv-lyze blades
(Germany, F R I started at Rolls-Royce in the mid seventies, when sufficient
COMPUTATION OF TRANSONIC 20 CASCADE FLOW AND computing power was becoming available It was recognized that
COMPARISON WITH EXPERIMENTS such methods had much to offer, especially for transonic and
H -W HAPPEL, H J DIETRICHS, and K LEHMANN In AGARD supersonic flows Since then several different algorithms were
Transonic and Supersonic Phenomena in Turboixachines 19 p developed to predict both quas-3D and 3D flows At present the
(SEE N97 21927 15-07) Mar 1987 time-marching methods are used to solve the unsteady
(AGARO-CP.40t Avail NTIS I./

" 
At6/MF AOl Euter/Navier-Stokes equations to produce a lime steady solution

A time-marching finite area method to obtain the steady 2D Future developments are aimed towards predicting loss accurately.
blade-to-blade solution along an axisymmetric stream surface with and to investigated unsteady effects such as vortex shedding and
changing radius and stream tube thickness is described The incoming wakes Author
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N87-21949# Technische Hochschue, Hanover (Germany. F.R.). turn and vehicle/weapon pointing. To achieve any or all of these
Inst. luer Stroemungsmaschinen capabilities will require some degree of propulsion system thrust
DOWNSTREAM FLOW ANGLE CORRELATIONS FOR vectonng. Some particular requirements that the need for thrust
TURBINE CASCADES IN SUBSONIC AND TRANSONIC vectorng place on the engine design and the technologies involved
FLOW CONDITIONS are addressed Author
W. RIESS, P DALBERT, P-A. GIESS, and H-J HEINEMANN
(Deutsche Forschungs- und Versuchsanstalt fuer Luft- und N87-24464# Advisory Group for Aerospace Research and

Raumfahrt. Goetingeno West Germany) n AGARD Transonic Development, Neuilly-Sur-Seine (France). Propulsion and
and Supersonic Phenomena in TurbomaChines 20 p (SEE Energetics Panel.

N87-21927 15-07) Mar 1987 ENGINE RESPONSE TO DISTORTED INFLOW CONDITIONS
(AGARD-CP-40t) Avail. NTIS HC A16/MF A01 Mar. 1987 304 p In ENGLISH and FRENCH Meeting held in

Extensive experimental and theoretical investigations of different Munich. West Germany, 8-9 Sep. 1986
turbine cascades were performed within the trarsonic Mach number (AGARD-CP-400: ISBN-92-835-0412-7; AD-A182635) Avail:
range Some problems related to measure vents in rectilinear NTIS HC A14/MF A01
cascades are discussed. The flow field calculat ns performed using The papers presented at the Propulsion and Energetics Panel
a time-marching Euler code limitations can I v determined when 68th Specialists' Meeting are compiled. Individual sessions covered
applying the computer code itself as well as when comparing the the following subjects: unsteady flow and validation o empirical

calculated data with experimental ones Experimental and distortion parameters: computation techniques for engine'

theoretical results within the subsonic Mach number range are compressor performance predictions of distorted inflow: distorted
used to check the accuracy of simplified methods for calculating inflow detection: and experimental investigations of engine
the downstream flow angle. Author instability and response to flow distortion. A technical evaluation

report summarizing the conference is also presented For individual
N87-21950# Deutsche Forschungs- und Versuchsanstalt fuer titles, see N87-24465 through N87-24480.
Luh- und Raumfahrt, Cologne (Germany. F.R) Inst tuer
Antnebstechnik. N87-24465# Rolls-Royce Ld Bristol (England). Dept of

A SHOCK LOSS MODEL FOR SUPERCRITICAL SUBSONIC Installation Technology.
FLOWS IN TRANSONIC AXIAL FLOW COMPRESSORS REVIEW OF CURRENT KNOWLEDGE ON ENGINE RESPONSE

R J DUNKER In AGARD Transonic and Supersonic Fhanomena TO DISTORTED INFLOW CONDITIONS
in Turbomachines 15 p (SEE N87-21927 15-07) Mar 1987 D. D. WILLIAMS In AGARD Engine Response to Distorted Inflow

(AGARD-CP-401) Avail: NTIS HC A1E/MF A01 Conditions 32 p (SEE N87-24464 18-07) Mar. 1987
This investigation was aimed at developing more sophisticated (AGARD-CP-400) Avail: NTIS HC A14/MF A0l

models to be incorporated in an off-design performance prediction An overview to the 68th Propulsion and Energetics Panel (PEP)

method for transonic axial flow compressor stages for more Specialists Meeting is presented. Some current aspects of

accurate flow prediction. Primary emphasis was given to the lime-variant, spatial total-pressure distortion and other forms such
improvement of shock models used for evaluating the shock losses, as swirl, static-pressure distortion, planar-wave perturbations of
especia)y, at supercntical subsonic. but also at supersonic inflow total pressure, and total temperature distortion are reviewed. Engine

conditions. The developed and refined methods were ventifed by response considerations include the influence of engine spool

calculating. investigating, and analyzing the losses of compressor coupling on stability, developments in the modeling of total-pressure
cascades, as well as a transonic axial flow compressor Author circumferential extent effects, and swirl/total-pressure interactions

Guidelines for the formulation of distortion descriptors and
N87-21951# KHD Luftfahrtechnik G.m.b.H.. Oberursel (Germany. performance!stablity assessments are reviewed Author

COMPARISON BETWEEN INVERSE DESIGNED (PVD AIRFOILS N87-24466# Societe Nationale d'Etude et de Construction de
AND STANDARD SERIES AIRFOILS FOR HIGH LOADED AXIAL Moteurs d'Aviation, Moissy-Cramayel (France)
TURBINE NOZZLE APPLICATION AIR INLET/ENGINE COMPATIBILITY IMPACT OF
M HORSMANN and M. SCHMIDT In AGARD Transonic and THEORETICAL AND EXPERIMENTAL METHODS
Supersonic Phenomena in Turbomachines 6 p (SEE N87-21927 [COMPATIBILITE ENTREE D'AIR-MOTEUR IMPACT DES
15-07) Mar. 1987 METHODES THEORIOUES ET EXPERIMENTALES]
(AGARD-CP-401) Avail: NTIS HC A16/MF A01 MARIUS GOUTINES and HUGUES JOUBERT In AGARD Engme

Guide vane profiles with transonic flow regions in the flow Response to Distorted Inflow Conditions 20 p (SEE N87-24464
field were develooed for a high loaded one stage axial turbine 18-07) Mar. 1987 In FRENCH
The profiles were designed in two different ways: first, using (AGARD-CP-400) Avail: NTIS HC A14/MF AWl
standard design techniques and second, using an inverse design Work carried out at SNECMA (Societe Nationale d'Etude et de
method, where the profile shape is computed from prescnbed Construction de Moteurs d'Aviation) to develop clean-flow surge
velocity distributions (PVD). The results of both design methods line predictions and numerical distortion-response codes is
will be presented. Companson is made by using another computer reported. The experimental efforts defined a state-o-the-art.
program system to calculate the velocity distribut-ens in the flow time-invariant total pressure data acquisition system and a simple
field, the boundary layer parameters, and the pr ie losses. The means of nenerating an

,
' imulatinq dynamic pressure distortion

computed results of the first application of an inverse design Parametric studies indicate that compressor inlet guide vanes.
method on axial turbine guide vanes show that improvements can low-aspect-ratio blades, and small blade row gaps increase stall
be made Author margin and reduce compressor distortion sensitivities M G

N87-22670# Rolls-Royce Ltd., Bristol (England), N87-24467# Messerschmit-Boelkow-Blohm GmbH, Munich
PROPULSION SYSTEM TECHNOLOGIES FOR THRUST (Germany, F.R.) Helicopter and Military Aircraft Group
VECTORING NEW TRENDS IN INTAKEJENGINE COMPATIBILITY
P ROUND and R F. TAPE tRolls-Ruyce. Inc., Atlanta, Ga.) In ASSESSMENT
AGARD Improvement of Combat Performance for Existing and F AULEHLA and D M SCHMITZ In AGARD Engine Response
Future Aircraft 12 p (SEE N87-22663 16-05) Dec. 1986 to Distorted Inflow Conditions 24 p (SEE N87-24464 18-07) Mar
IAGARD-CP-409) Avail. NTIS HC A07IMF A01 1987

The Haeriir/AV-8 aircraft, with its Rolls-Royce Pegasus engine. (AGARD-CP.400) Avail. NTIS HC At4/MF AOl
was developed primarily for vertical or short takeoff and landing The measurement of dynamic distortion requires considerable
operations To achieve this it employs nozzles capable of vectoring effort in instrumentation and data processing Distortion
through more than 90 deg to provide lift and a reaction control measurement methods which are time and cost efficient are
system to provide aircraft control in low or zero forward speed described Experience gained from the Tornado aircratt indicates
operation These features of the aircraft have also been employed that the relevance of dynamic distortion on intake/engine
to advantage during combat by vectonng in forward flight (VIFFING) compatibility has been overestimated and. in tact, swirl emerged
Operational analysis studies have identified the potential combat as the decisive compatibility parameter Also. during the Airbus
advantage of post-stall maneuvering (PMS) to improve rate of A-300 APU intake development swirl turned out to be an important
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criterion. In conclusion, it is argued whether in marij cases dynamic studied. In particular, it is shown that rotating uislui i ,,
distortion measurements can be avoided in favor of swirl propagate in the rotor direction can have a greater effect on stability
measurements in combination with simplified methods for dynamic margin than stationary or counter-rotational ones, Finally, it is shown
distortion predictions based on steady state measurements and, that the general predictions of the model are insensitive to the
in some cases, on statistical models. Author details of the unsteady bladerow dynamics. Author

N87-24466# Technische Hochschule, Aachen (Germany. F.R.).
Inst for Jet Propulsion and Turbomachinery.
EFFECT OF STEADY STATE INLET TEMPERATURE N87-24471# Office National d'Etudes et de Recherches
DISTORTION ON THE ENGINE COMPRESSOR FLOW Aerospatiales, Paris (France).
W. KOSCHEL. H. KUENKLER, and H. TOENSKOETTER NUMERICAL STUDY OF THE PROPAGATION OF AN INLET
(lndustrieanlagen-Betriebsgesellshffa m.b.H., Ottobrunn, West FLOW DISTORTION THROUGH AN AXIAL COMPRESSOR
Germany I In AGARD Engine Response to Distorted Inflow GERMAIN BILLET, PHILIPPE CHEVALIER, and PIERRE LAVAL
Conditions 19 p (SEE N87-24464 18-07) Mar. 1987 In AGARD Engine Response to Distorted Inflow Conditions 14 p
(AGARD-CP-400) Avail: NTIS HC At4/MF AOl (SEE N87-24464 18-07) Mar. 1987 In FRENCH; ENGLISH

A prediction model for the effects of a steady state temperature summary Sponsored by DRET
distortion on the overall performance of a multistage en -ne (AGARD-CP-400) Avail: NTIS HC A14/MF A01
compressor is presented. In contrast to the well known parillel A model representing the response of fixed or rotating axial
compressor model this model takes into account the circumferential compressor blade rows is coupled to a 3-D numerical simulation
interaction of the distorted and undistorted compressor flow. An of the flow outside the blade rows. The code can be used to
extensive experimental program was carried out on a single-spool study nonuniform compressible 3-D flows through turbomachines.
et engine with steady-state inlet temperature and pressure The fluid is assumed to be inviscid in the space outside the rows,
distortion tests. The experimental set-up is briefly described, while viscous effects are taken into account inside. Numerical
Detailed results of the flow measurements obtained at the results are compared with experimental data in the case of a low
compressor inlet and exit and at the compressor interstage speed single stage compressor with an inlet steady total pressure
positions are presented and discussed. The experimental results distortion. These comparisons show that the numerical approach
support the validity of the prediction model developed as part of is able to predict the global response of the compressor. This
this project. Author work is part of a larger project aimed at predicting the response

of a compressor to a nonuniform inlet flow that is periodic in
N87-24469'# National Aeronautics and Space Administration. time, or fully unsteady. Author
Lewis Research Center. Cleveland, OH
VISCOUS ANALYSES FOR FLOW THROUGH SUBSONIC AND
SUPERSONIC INTAKES
LOUIS A. POVINELLI and CHARLES E TOWNE In AGARDEngine Response to Distorted Inflow Conditions 20 p(SEE N87-24472# Societe B erin et Cix. Plaisir (France)
N87-24464 18-07) Mar. 1987 CALCULATION OF CASCADE FLOW BEHAVIOR IN A DYNAMICAGARD-CP-400 Avail; NTIS HC A14/MF A18 STALL REGIME (CALCUL DU DPMIPRTEEMT D'UNE GRILLE

A parabolized Navaier-Stokes code wa used to analyze a D'AUBES EN REGIME DE DECROCHAGE DYNAMIQUEIA paaboize Naier-toks cde as ued o aalye a P. GILt.ANT. P. SAGNES, and J. P. OLLIER In AGARD Engine
number of diffusers typical of a modern inlet design. The effect of p t. P. S nSo and 20 P (LEE N 8AR 4ngn
curvature of the diffuser centerline and transitioning cross sections Response to Distorted Inflow Conditions 20 p (SE N87.2444
was evaluated to determine the primary cause of the flow distortion 18-07) Mar. 1987 In FRENCH
in the duct. Results are presented for S-shaped intakes with circular (AGARD-CP-400 Avail; NTIS HC At4/MF A0d
and transitioning cross sections. Special emphasis is placed on An overview is presented of a singularty method coupled with
verification of the analysis to accurately predict distorted flow fields an unsteady boundary layer calculation for modeling unsteady
resulting from pressure-driven secondary flows. The effect of vortex subsonic cascade flow in unstalled and dynamic stall regimes
generators on reducing the distortion of intakes is presented The short term aim of the work is to provide a method for assessing
Comparisons of the experimental and analytical total pressure the distortion sensitivity of multistage axial compressors Good
contours at the exit of the intake exhibit good agrelmpressure numerical results have been obtained for steady flow and unsteady

conturs t th exi ofthe ntak exhbit ood aement. In the attached flow but quantitative validation is difficultdue to the paucity
case of supersonic inlets, computations of the inlet flow field revealSthat large secondary flow regions may be generated just inside of of relevant experimental data. For dynamic stall, the studies show

the intake These strong flow- may lead to separated flow regions the importance of correct modelling of the flow in the neighborhood
and cause pronounced cibiortiors upstream of the compressor- of the separation point. MG.

Author

N87-24470*# Cambridge Univ. (England).
CALCULATIONS OF INLET DISTORTION INDUCED N87-24473# Deutsche Forschungs- und Versurhsanstalt luer
COMPRESSOR FLOWFIELD INSTABILITY Luft- und Raumfahrt, Cologne (Germany, FR.). Inst. fuer
T P HYNES, R. CHUE, E. M. GREITZER, and C. S. TAN Antriebstechnik.
(Massachusetts Inst. of Tech., Cambridge,) In AGARD Engine IMPROVEMENT OF THE PARALLEL COMPRESSOR MODEL BY
Response to Distorted Inflow Conditions 16 p (SEE N87-24464 CONSIDERATION OF UNSTEADY BLADE AERODYNAMICS
18-07) Mar 1987 M. LECHT In AGARD Engine Response to Distorted Inflow
(Contract NSG-3208) Conditions 13 p (SEE N87-24464 18-07) Mar 1987
(AGARD-CP-400) Avail: NTIS HC A14/MF A01 (AGARD-CP-400) Avail: NTIS HC AI4/MF AOl

Calculations are presented predicting the onset of flow The parallel compressor model has been applied to predict
instability for a multistage low speed axial compressor operating compressor performance with ctcumferential total inlet distortion.
in circumferentially distorted inlet flow. The most important feature In companson with experiment data, however, this model gives
of the model used is that it attempts to properly account for the pessimistic results for the predicted stall fine shift considering sector
fluid dynamic interaction between the spoiled and unspoiled sectors angles of distortion up to 120 deg. Detailed experimental evaluation
of the compressor. The calculations show that there is an of a compressor stage leads to unsteady performance effects
approximate stability criterion, the annulus airaged slope of the obviously being responsible for this discrepancy. In order to improve
compressor pressure rise charactenstic equal to zero, that is valid the nriginal model the performance characteristic of the compressor
whenever the dynamics of the compressor distorted flowlield can was extended to account for a short time overload capablity
,e considered independent of the compressor environment This analogous to an airfoil in an unsteady flow. The governing factor
approxinate criterion is used to investigate the relationship between of this modification is the time-to-stall versus the time for a blade
the present model and the parallel compressor model Further channel to pass the distorted sector. The model improvement
calculations are performed to investigate cases of interest when was demonstrated for a DFVLR and a NASA single stage transonic
the dynamics of the flowlield are coupled to the environment, compressor subjected to a screen induced total pressure
Resonant cases and cases when the distortion is unsteady are distortion. Author
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N87-24474# Genera! Electric Co., Evendale. OH. Aircraft Engine N88-13231# Johns Hopkins Univ. Laurel. MD. Applied Physics
Business Group. Lab.
TURBOFAN ENGINE POST-INSTABILITY BEHAVIOR: HYPERSONIC AIRBREATHING PROPULSION: EVOLUTION AND
COMPUTER SIMULATIONS, TEST VALIDATION AND OPPORTUNITIES
APPLICATION OF SIMULATIONS P. J. WALTRUP In AGARD, Aerodynamics of Hypersonic Lifting
WILLIAM G. STEENKEN In AGARD Engine Response to Distorted Vehicles 29 p (SEE N88-13219 05-02) Nov 1987
Inflow Conditions I I p (SEE N87-24464 18-07) Mar 1987 (AGARD-CP-428) Avail: NTIS HC A24/MF A0I
(AGARD-CP-400) Avail: NTIS HC A14/MF A01 A history of the evolution of airbreathing propulsion, with

A method that can be used to predict the post-stability operation emphasis on the development of supersonic combustion ramjet
of a turbofan engine and is based upon extending the capabilities (scramiet) engines, is presented. The current status of scramjet
of engine transient cycle decks is described. Typical predictions engines is discussed and deficiencies in fundamental and applied
are presented and compared with results obtained from the testing data and/or knowledge, which comprise opportunities for future
of a modern augmented turbofan engine. The potential manners work, are noted. Author
in which this digital computer simulation tool may be utilized are
also discussed. Author N88-13344# Advisory Group for Aerospace Research and

N87-24475# Royal Aircraft Establishment, Farnborough Development, Neuilly-Sur-Seine (France). Propulsion and

(England). Energetics Panel.

TRANSMISSION OF INLET DISTORTION THROUGH A FAN APPLICATION OF MODIFIED LOSS AND DEVIATION

J E. FLITCROFT, J. DUNHAM. and W. A. ABBOTT In AGARD CORRELATIONS TO TRANSONIC AXIAL COMPRESSORS

Engine Response to Distorted Inflow Conditions 11 p (SEE M. CETIN, A. S. UECER, CH. HIRSCH. and G. K. SEROVY Nov.

N87-24464 18-07) Mar. 1987 1987 74 p

(AGARD-CP-400) Avail: NTIS HC A14/MF A01 (AGARD-R-745; ISBN-92-835-0346-4; AD-A191187) Avail: NTIS

The effect of inlet swirl on the propagation of total pressure HC A04/MF A01

distortion through a three-stage fan without inlet guide vanes was The goal was to analyze the transonic compressor tests

investigated on a compressor rig. The tests gave the unexpected available in the open literature and to propose possible

finding that the presence of a swirl counter to the rotation of the improvements in Iota loss and turning correlations. From the work

fan generally reduced the level of steady state distortion transmitted performed six conclusions could be drawn for the achievement of

to the core compressor. Dynamic pressure measurements made better loss predictions. A comparison with results of a two-stage

at the exit from the tan, however, revealed that the swirl also compressor showed that the results of the new correlation set

caused a sudden early breakdown of the flow in a sector of the were satisfactory. For more accurate predictions a consistent
hub region. resulting in high time-invariant distortion levels in the end-wall boundary layer and secondary loss calculation method

core flow This observation is compatible with the destabilizing must be applied; in multi-stage compressors, spanwise loss mixing

effect of a swirl counter to fan rotation on engines. A theoretical procedures must be used. Author

analysis confirmed that a swirl, concentrated at the fan tip at
entry. could drive some of the hub blade rows strongly towards N68-17647# Advisory Group for Aerospace Research and
stall Author Development, Neuilly-Sur-Seine (France) Propulsion and

Energetics Panel.

N87-24476# Alta Romeo SpA., Naples (Italy). Direzione R ADVANCED TECHNOLOGY FOR AERO GAS TURBINE
and D. COMPONENTS
EXPERIMENTAL INVESTIGATION ON SMALL TURBOPROP Sep. 1987 541 p In ENGLISHI and FRENCH Symposium
BEHAVIOUR UNDER COMPRESSOR ROTATING STALL FOR held in Paris, France, 4-8 May 1987
DIFFERENT INLET FLOW CONDITIONS (AGARD-CP-421; ISBN-92-835-0t33-X; AD-Al98664) Avail.
S. COLANTUONI and G. LIOTTI In AGARD Engine Response NTIS HC A23/MF ADf
to Distorted Inflow Conditions 16 p (SEE N87-24464 18-07) Mar. The Symposium is aimed at highlighting the development of
1987 advanced components for new aero gas turbine propulsion systems
(AGARD-CP-400) Avail: NTIS HC A14/MF A01 in order to provide engineers and scientists with a forum to

An expenmental investigation on compressor rotating stall and discuss recent progress in these technologies and to identify
acoustic noise in a small turboprop is discussed. The intent of requirements for future research. Axial flow compressors, the
the study, undertaken in Alta Romeo Avio using the engine test operation of gas turbine engines in dust laden atmospheres, turbine
bed during the initial phase of the AR 318 turboprop development engine design, blade cooling, unsteady gas flow through the stator
program. was to clarify the noisy and unstable behavior of some and rotor of a turbomachine, gear systems for advanced turboprops.
engines at part-speeds. The overall performances of the centrifugal transonic blade design and the development of a plenum chamber
compressor, the time-dependent wall static pressure measurements burner system for an advanced VTOL engine are among the topics
used to visualize impeller rotating stall regions on the compressor discussed. For individual titles, see N88-17648 through
map, and the acousti,' noise signals detected at the engine-intake N68-17681
inlet are presented Finally, the engine performances in stalled
compressor conditions are analyzed and main results are
discussed. Author N88-17648# Air Force Wright Aeronautical Labs.

Wright-Patterson AFB, OH Turbine Engine Div.
N87-24477*# National Aeronautics and Space Administration THE COMING REVOLUTION IN TURBINE ENGINE
Lewis Research Center, Cleveland, OH. TECHNOLOGY
SUMMARY OF INVESTIGATIONS OF ENGINE RESPONSE TO JAMES S. PETTY and ROBERT E. HENDERSON In AGARD
DISTORTED INLE1 CONDITIONS Advanced Technology for Aero Gas Turbine Components 10 p
THOMAS J SIESADNY, WILLIS M. BRAITHWAITE. RONALD H. (SEE N88-17947 10-07) Sep. 1987
SOEDER. and MAHMOOD ABDELWAHAB In AGARD Engine (AGARD-CP-421) Avail: NTIS HC A23/MF A01
Response to Distorted Inflow Conditions 21 p (SEE N87-24464 A major change in turbopropulsion technology development
18-07) Mar 1987 Previously announced as N86-26336 philosophy is now being pursued by the U.S Air Force Wright
(AGARDOCP.4t"l) Avail: NTIS HC At4/MF AOl Aeronautical Laboratories (AFWAL) which will provide revolutionary

A survey is prevented of experimental and analytical experience advancements in overall operational performance capability for
of the NASA Lewis Research Center in engine response to inlet future military aircraft and aerospace weapon systems. An historical
temperature and pressure distortions. Results of experimental perspective illustrates the significance of the advancements being
nvestigations and analytical modeling are reviewed together with pursued, with engine thrust-to-weight used as the principal
a description ot the hardware and the techniques employed performance figure-of-ment. The High Performance Turbine Engine
Distortion devices successfully simulated inlet distortion, and Technologies (HPTET) effort, oegun in 1982. is discussed The
knowledge was gained on compression system response to overall goal of the effort is to provide the advanced materials.
different types of distortion A list of NASA research references is innovative structural concepts and advanced aerothermodynamics
ncluded Author to double turbopropulsion capability by the year 2000 Author

62



07 AIRCRAFT PROPULSION AND POWER

N88-17649# Rolls-Royce Ltd., Bristol (England). Lift Engines N68-17652# Technische Hochschule, Aachen (Germany, F.R.).
and Future Technology Demonstrators Inst. fuer Strahlantriebe und Turboarbeitsmaschinen.
OPTIMISATION OF MILITARY COMPRESSORS FOR WEIGHT APPLICATION OF HIGHLY LOADED SINGLE-STAGE
AND VOLUME MIXED-FLOW COMPRESSORS IN SMALL JET-ENGINES
K. R. GARWOOD In AGARD Advanced Technology for Aero R. MOENIG, K. D. BROICHHAUSEN (Motoren- und Turbinen-Union
Gas Turbine Components 7 p (SEE N88-17647 10-07) Sep. Muenchen G.m.b.H.. West Germany ). and H. E. GALLUS In
1987 Sponsored by Procurement Executive Ministry of Defence, AGARD Advanced Technology for Aero Gas Turbine Components
United Kingdom 11 p (SEE N88-17647 10-07) Sep. 1987 Sponsored by
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 Bundesamt fuer Wehrtechnik und Beschaffung. Fed. Republic of

The high pressure compression system for future fighter engines Germany
has been projected at two different proven technology standards. (AGARD-CP-421) Avail: NTIS HC A23/MF A01
For a given cycle of approximately 175 lbs. and 25:1 overall The predominant requirements on small jet engines are high
pressure ratio, three compressors have been evaluated, ranging power-to-weight ratio and low specific fuel consumption in
from a seven stage unit with medium loading, to a five and a four combination with structural simplicity. The consequent demands
stage unit with high loading. Test data of the original research on the compressor can be fulfilled either by a conventional
parent compressors and two project specific units was commonised two-stage unit or by an extremely loaded single stage. This single
to the engine size and conditions. It is shown that apparent benefits stage compressor has to be able to perform at a sufficiently large
between machines are negated and no significant advantage for massflow and total pressure ratio. Consequently, the application
lower work per stage could be identified at a given blading of a mixed flow compressor with supersonic flow at rotor- or
technology standard. Relative to the seven stage unit, a weight stator-inlet (supersonic mixed-flow compressor) turns out to be
advantage of 20 percent is gained by the adoption of a four advantageous. The conception of a jet engine with a supersonic
stage unit, and it is associated with an airfoil count reduction of combustor demonstrates the significantly reduced size compared
15 percent. Author with other engines of the same thrust class. Author

N1-17653# Societe Turbomeca, Bordes (France).
THE ADVANTAGE OF VARIABLE GEOMETRY FOR TURBINE
ENGINES AT LOW POWER [INTERET DE LA GEOMETRIE
VARIABLE POUR LES TURBOMOTEURS DE FAIBLE
PUISSANCE)

N88-17650# Royal Aircraft Establishment, Farnborough H. VIGNAU. R. RODELLAR, and J. SILET In AGARD Advanced
(England). Technology for Aero Gas Turbine Components 10 p (SEE
AN EXAMINATION OF THE IMPAL 'OF POTENTIAL ADVANCES N88-17647 10-07) Sep. 1987 In FRENCH
IN COMPONENT TECHNOLOGY FOR FUTURE MILITARY (AGARD-CP-421) Avail: NTIS HC A23/MF A01
ENGINES To reduce the specific fuel consumption of gas turbines at low
M. R. LITCHFIELD and M. G. PHILPOl In AGARD Advanced power, various cycles of free and bound turbine engines were
Technology for Aero Gas Turbine Components 13 p (SEE studied. A variable output engine permits a significant reduction
N88-17647 10-07) Sep. 1987 of specific consumption at parfivi capacity. The variation in power
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 is obtained through the change in the variable geometry component

The prospects for major advances in gas turbine engine output; engine operating pressure, turbine intake temperature, and
component technology over the next 20 years are examined. For rotation velocity constants. The models which take variable
future military engines and aircraft, these advances could lead to geometry systems into account should be improved to specify the
considerably higher thrust/weight ratios than are currently available, potential gains of such techniques. The results of a study on a
The gains in engine performance resulting from various specific centrifugal compressor with a compression rate of 8.5 and with a
technology advances are outlined and their impact on sizing and variable-setting radial diffuser show that an output variation of 50
performance of a typical combat aircraft are considered. In percent can be obtained with a slight variation in efficiency and
conjunction with these future projections, an examination is also low sensitivitv. Author
made of the influences of the main engine cycle parameters such
as overall pressure ratio, bypass ratio, and rating philosophy on
the mass and performance of the aircraft/engine combination. N88-17654# Calspan Advanced Technology Center. Buffalo,

Author NY.

OPERATION OF GAS TURBINE ENGINES IN DUST-LADEN
ENVIRONMENTS
M. G. DUNN, C. PADOVA, and R. M. ADAMS (Defense Nuclear
Agency. Washington. D C) In AGARD Advanced Technology for
Aero Gas Turbine Components16 p (SEE N88-17647 10-07) Sep.
1987
(Contract DNA001-83-C-0182)

N88-17651# Societe Nationale d'Etude et de Construction de (AGARD-CP-421) Avail: NTIS HC A23/MF A01
Moteurs d'Aviation, Moissy-Cramayel (France). Results are reported for a measurement program designed to
SPECIFICATION OF AN ENGINE AND ITS COMPONENTS investigate the performance deterioration of gas turbine engines
STARTING FROM A CONSIDERATION OF AIRCRAFT MISSIONS and the associated auxiliary equipment difficulties when operating
[SPECIFICATION DU MOTEUR ET DE SES COMPOSANTS A in dust laden environments. Three TF33 turbolan engines and
PARTIR DES MISSIONS DE L'AVtON] one J57 turbojet engine have been tested with two different dust
A. LARDELLIER and I. DUFAU In AGARD Advanced Technology blends. The predominant damage mechanism in all the engines
for Aero Gas Turbine -amponents 13 p (SEE N88-17647 10-07) was compressor blade erosion. The length of dust exposure time
Sep. 1987 In FRENCH required to cause engine damage was dependent upon power
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 setting and dust concentration. The turbine inlet temperature for

A computer implemented methodology for the optimization of these engines was too low to realize deposition of glassy material
engine c,'cles is described. The integrated technique considers on the hot section components. The Environmental Control System
engine size and mechanical design features, basic aircraft (ECS) was monitored to ascertain the amount of iniested material
aerodynamic and weight/size characteristics, and aircraft mission and the size distribution of material that makes its way to the
operational requirements. Three applications of the method are ECS. A significant traction of the dust is not centrifuged out of
discussed: the influence of engine weight on the aircraft and the flow and does end up in f' 3 control system air. These particles
mission characteristics; the influence of afterbum on supersonic have a mean size on the order of 6 microns. The engine parameters
cruise missions; and the influence of mission parameters on engine most indicative of degradation were identified and are discussed.
cycle and aircraft size. Author Author
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N8-17655# National Research Council of Canada. Ottawa trailing edge lean on the nozzle guide vane and a thick root
(Ontario). Gas Dynamics Lab. highly tapered rotor blade - necessary in an engine turbine to
A RESEARCH PROGRAM ON THE AERODYNAMICS OF A reduce blade stress. Author
HIGHLY LOADED TURBINE STAGE
R. G WILLIAMSON, S. H. MOUSTAPHA. J. P. HUOT. and U. N88-17659# Rolls-Royce Ltd., Bristol (England). Advanced
OKAPUU (Pratt and Whitney Aircraft of Canada Ltd.. Longueuil. Turbine Technology Dept.
Qurebec) In AGARD Advanced Technology for Aero Gas Turbine ADVANCED TECHNIQUES EMPLOYED IN BLADE COOLING
Components 17 p (SEE N88-17647 10.07) Sep. 1987 RESEARCH
(AGARD-CP-421) Avail: NTIS HC A23/MF AOl H. E. ROGERS, C. GRAHAM, and K. MCNICHOLAS In AGARD

The main conclusions drawn from recent work in an on-going Advanced Technology for Aero Gas Turbine Components 13 p
experimental program of research on the aerodynamics of a highly (SEE N88-17647 10-07) Sep. 1987 Sponsored by Procurement
loaded turbine stage are discussed. Detailed data have been Executive Ministry of Defence, United Kingdom
secured relating to the aerodynamic performance of transonic (AGARD-CP-421) Avail: NTIS HC A23/MF AOt
nozzles of high turning angle (tested with two outer wall contours) The design of an advance cooling system for moderately cooled
and the influence of the stage environment on such measurements, second stage gas turbine engine blades was undertaken as part
Further work addresses rotor performance (as affected by blade of a demonstration project. The design process involving complex
loading), and also overall stage performance. The ultimate objective computer modeling and hot rig testing of the blades is described.
of the work is the extension of turbine design methods to regimes The test results confirmed that substantial increases in cooling
combining high stage loadings wih high pressure ratios, with special efficiency can be gained by introducing small scale tubulators
emphasis on small blade sizes. Author into radial hole cooling systems. A development temperature

measurement techniqtue based on a video camera operating in
N88-17656"# National Aeronautics and Space Administration. the near infrared region is described. The results of video pyrometry
Lewis Research Center, Cleveland, OH. were validated from results obtained from a series of demonstrator
EXPERIMENTAL EVALUATION OF A TRANSLATING NOZZLE hot rig tests. Also discussed are a number of problems relating to
SIDEWALL RADIAL TURBINE surface temperature measurement. Author
RICHARD J. ROELKE and CASIMIR ROGO (Teledyne CAE,
Toledo, Ohio.) In AGARD Advanced Technology for Aero Gas N88-17660# Stuttgart Univ. (Germany, F.R.). Inst. fuer
Turbine Components 13 p (SEE N88-17647 10-07) Sep. 1987 Aerodynamik und Gasdynamik.
(AGARD-CP-421) Avail: NTIS HC A23/MF AOl CSCL 21E THE UNSTEADY GAS FLOW THROUGH STATOR AND ROTOR

An experimental performance evaluation was made of two OF A TURBOMACHINE
movable sidewall variable area radial turbines. The turbine designs K. M. FOERSTER In AGARD Advanced Technology for Aero
were representative of the gas generator turbine of a variable Gas Turbine Components 10 p (SEE N88-17647 10-07) Sep.
flow capacity rotorcraft engine. The first turbine was an uncooled 1987
design while the second turbine had a cooled nozzle but an (AGARD-CP-421) Avail: NTIS HC A23/MF A01
uncooled rotor. The cooled nozzle turbine was evaluated both The difficulties of computing unsteady transonic flow in multiple
with and without coolant flow. The test results showed that the connected domains with a minimum of neglections and
movable nozzle wall is a viable and efficient means to effectively approximations have been overcome by using individual
control the flow capacity of a radial turbine. Peak efficienciess of compiational grids fixed to each cascade, a novel gridless finite
the second turbine with and without nozzle coolant were 86.5 and difference scheme, and physically real inflow and outflow
8b percent respectively. These values are comparable to pivoting boundaries. The resulting computer program is capable of
vane variable geometry turbines; however, the decrease in computing the inviscid, plane gas flow through the statr and
efficiency as the flow was varied from the design value was much rotor of a turbomachine stage made from arbitrarily shaped (thick,
less for the movable wall turbine. Several design improvements round nosed) blades of arbitrary spacing, up to local Mach numbers
which should increase the turbine efficiency one or two more of 1.8. Author
points are identified. These design improvements include reduced
leakage losses and relocation of the vane coolant ejection holes N88-17661# Office National d'Etudes et de Recherches
to reduce mainstream disturbance. Author Aerospatiales. Paris (France).

DESIGN AND TESTING OF A SMALL RADIAL TURBINE FOR
N88-17657# Motoren- und Turbinen-Union Muenchen G.m.b.H. AUXILIARY POWER UNITS [ETUDE ET ESSAIS D'UNE PETIE
(Germany, P.R.). TURBINE RADIALE POUR GROUPES AUXILIAIRES DE
AN INTEGRATED AERO/MECHANICAL PERFORMANCE PUISSANCE]
APPROACH TO HIGH TECHNOLOGY TURBINE DESIGN Y. R(BAUD. C. FRADIN. and C. MISCHEL (Microturbo, Toulouse.
J. HOURMOUZIADIS and G. ALBRECHT In AGARD Advanced France ) In AGARD Advanced Technology for Aero Gas Turbine
Technology for Aero Gas Turbine Components 12 p (SEE Components 13 p (SEE N88-17647 10-07) Sep. 1987 In
N88-17647 10-07) Sep. 1987 Sponsored by German Ministry FRENCH Sponsored in part by Ministere de Ia Defense, France
for Research and Technology, Fed. Republic of Germany (AGARD-CP-421) Avail: NTIS HC A23/MF A01
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 A project for the development of a small centripetal turbine

Analytical and experimental experience from an advanced with an expansion ratio of 3.6 is being undertaken by the Societe
technology gas generator program is used to define the MICROTURBO with computational and test analysis support from
requirements on the engineering sciences involved in the design ONERA. The design goals and strengths are outlined. Preliminary
of gas turbine engines. Some aerodynamic, performance and calculations for the design of the nozzle and wheel blades are
ccoing problems to be solved in a common approach with discussed along with quasi-three dimensional calculations. Results
mechanical design for radial clearance control, hot gas path sealing from cold bench tests and corresponding hot engine tests were
and life are discussed. Author used to evaluate performance. Presizing and flow field calculations

were confirmed in view of the high values of isentropic output
N88-17658# Royal Aircraft Establishment, Farnborough obtained. The flow measurements downstream from the wheel, at
(England). a nominal operating point, gave the best picture of the fluid
DESIGN AND TEST OF A HIGH BLADE SPEED, HIGH WORK characteristics. Author
CAPACITY TRANSONIC TURBINE
R. C. KINGCOMBE, J. D. BRYCE. and N. P. LEVERSUCH fn N88-17682# Pratt and Whitney Aircraft of Canada Ltd., Longueuil
AGARD Advanced Technology for Aero Gas Turbine Components (Quebec). Turbine Aerodynamics.
17 p (SEE N88-17647 10-07) Sep. 1987 DESIGN AND AERODYNAMIC PERFORMANCE OF A SMALL
(AGARD-CP-421) Avail: NTIS HC A23/MF AOl MIXED-FLOW GAS GENERATOR TURBINE

A high rim-speed turbine was designed and tested. A major U. OKAPUU In AGARD Advanced Technology for Aero Gas
objective in the design was to achieve high aerodynamic efficiency Turbine Components 11 p (SEE N88-17647 10-07) Sep. 1987
at high work capacity by way of reduced stage loading facilitated (AGARD-CP-421) Avail: NTIS HC A23/MF A01
by high blade speed. The design includes three dimensional Design details and results from aerodynamic rig tests are
features such as a parabolic distribution of exit angle and compound presented for four variants of a mixed flow turbine having a design
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target pressure ratio of 3:1. This experimental turbine, designed are discussed. Experimental investigations were conducted using
to satisfy the aerodynamic requirements of a gas generator turbine the scale model propulsor simulator and uniquely shaped fan
in a hypothetical small turboprop engine, demonstrated a design blades. The blades, designed for a high disk loading at Mach
point efficiency substantially in excess of that predicted for a single 0.72 at 35,000 feet attitude maximum climb condition are
stage axial turbine of equivalent duty. Design and material aft-mounted on the simulator in a pusher configuration. Data are
implications are discussed and potential constraints identified. compared with analytical predictions at the design point and show

Author good agreement. Author

N88-17663# Ecole Centrale de Lyon (France).
NUMERICAL SIMULATION OF DIFFUSER/COMBUSTOR DOME
INTERACTION [SIMULATION NUMERIOUE DE LINTERACTION
DIFFUSEUR TETE DE CHAMBRE) NS-17667"# General Motors Corp.. Indianapolis. IN. Gas Turbine
0. JEANDEL. G. BRUN, S. MEUNIER, and M. DESAULTY (Societe Div.
Nptionale d'Etudes ot de Construction de Moteurs d'Aviation. GEAR SYSTEMS FOR ADVANCED TURBOPROPS
Moissy-Cramayel. France ) In AGARD Advanced Technology for DOUGLAS A. WAGNER In AGARD Advanced Technology for
Aero Gas Turbine Components 10 p (SEE N88-17647 10-07) Sep. Aero Gas Turbine Components 9 p (SEE N88-17647 10-07) Sep.
1987 In FRENCH 1987 Sponsored by NASA, Washington, D.C.
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 (AGARD-CP-421) Avail: NTIS HC A23/MF A01 CSCL 21E

The design of a turbojet diffuser and combustion chamber dome A new generation of transport aircraft will be powered by
can be realized, not only by researching low pressure loss, but efficient, advanced turboprop propulsion systems. Systems that
also by assuring flow stability around a flame tube. A finite element develop 5,000 to 15.000 horsepower have been studied. Reduction
method developed by Ecole Centale de Lyon is described. The gearing for these advanced propulsion systems is discussed. Allison
method employs an elliptic logic and a triangular type mesh which Gas Turbine Division's experience with the 5,000 horsepower
is well adapted for simulating complex geometric configurations. reduction gearing for the T56 engine is reviewed and the impact
The application of the algorithm to various elementary and industrial of that experience on advanced gear systems is considered. The
configurations demonstrates the method's robustness and its ability reliability needs for component design and development are also
to describe the principal flow characteristics in combustion dome considered. Allison's experience and their research serve as a
regions. Author basis on which to characterize future gear systems that emphasize

low cost and high reliability. Author

N8-17664# Rolls-Royce Ltd., Bristol (England).

DEVELOPMENT OF A PLENUM CHAMBER BURNER SYSTEM
FOR AN ADVANCED VTOL ENGINE
J. S. LEWIS, T. W. MURRAY. and D. STEELE In AGARD
Advanced Technology for Aero Gas Turbine Component 10 p (SEE NBS-17668# Deutsche Forschungs- und Versuchsanstalt fuer
N88-17647 10-07) Sep. 1987 Sponsored by Procurement Lull- und Flaumahrt. Brunswick (Germany, FR.). Inst. fuer
Executive Ministry of Defence. United Kingdom Entwurfsaerodynamik.
(AGARD-CP-421' Avail: NTIS HC A23/MF A01 NUMERICAL METHODS FOR PROPELLER AERODYNAMICS

The research and development programs that were carried AND ACOUSTICS AT DFVLR
out on model and full size ngs to design and evaluate advanced N. KROLL, . LOHMANN, and J. SCHOENE In
concepts to meet the anticipated thrust requirements for a plenum Technology for Aero Gas Turbine Components 15 p (SEE
chamber burner system for an advanced verticaf takeoff and landing N88-17647 10-07) Sep. 1987
(VTOL) aircraft are described. The system characteristics of (AGARD-CP-421) Avail: NTIS HC A23/MF A01
pressure loss, ignition, efficiency, thermal integrity and velocity Linear and nonlinear analysis methods for flow fields around
profiles at nozzle exit under non-combusting (dry) and combusting propellers were developed. Here, two singularity methods are
conditions are discussed. Author presented. In the first, a doublet point scheme was formulated for

N88-17665# Lucas Aerospace Ltd.. Birmingham (Cngland). the calculation of steady and unsteady loads on surfaces having
Engine Systems Div. helical motion in an incompressible medium, e.g., propellers in
PUMPING SYSTEMS AND FLOW INTERFACES FOR RAPID uniform and nonuniform inflows and counter rotating propellers.
RESPONSE ELECTRONIC REHEAT CONTROLS The second is a surface panel method for computations of steady
THOMASC. YATESandTREVORS. SMITH InAGARDAdvanced subsonic flows around propeller blades moving in a compressible
Technology for Aero Gas Turbioe Components 20 p (SEE medium. The method has been extended for the prediction of
N88-17647 10-07) Seap. 1987 Sponsored by Prourement acoustic quantities. In order to predict the characteristics of
Executive Ministry of 1efence, United Kingdom transonic propeller flow fields, a Euler code for solving the three

(AGARD-CP-421) Avail: NTIS HC A23/MF A01 dimensional Euler equations was extended. The equations are
The problems of fuel pumping and metering which are formulated in a rotating cartesian reference frame. The solution

associated with digital electronic reheat controls are discussed. A procedure is based on a finite volume method using an explicit
survey is carried out of various pumping options including reheat Runge-Kutta time stepping scheme. Numerical results for various
and main engine fuel pumping. A technical description of single, propeller geometries are presented and compared with

twin, and three pump systems, including rotordynamic and positive experimental data. Author
displacement pumps is given together with comments on the
relative advantages and disadvantages of the various options. A
fuel flow interface designed for rapid response reheat control
systems is described. The application is a digital electronic control
for a future bypass engine. Comparison is made between computer N88-17669# Office National d'Etudes at de Recherches
simulaon of the control characteristics and test results of the Aerospatiales, Paris (France).
hardware. Author ANALYSIS OF HIGHSPEED PROPELLERS AERODYNAMICS

J. M. BOUSQUET In AGARD Advanced Technology for Aero
NB-1766"# General Electric Co., Cincinnati, OH. Aircraft Gas Turbine Components 12 p (SEE N88-17647 10-07) Sep.
Engine Business Group. 1987 In FRENCH; ENGLISH summary
AERODYNAMIC PERFORMANCE OF A SCALE-MODEL. (AGARD-CP-421) Avail: NTIS HC A231MF A01
COUNTER-ROTATING UNDUCTED FAN Highspeed propellers are studied. A synthesis of aerodynamic
THOMAS J. SULLIVAN In AGARD Advanced Technology for developments leading to the HT3 propeller definition and test in
Aero Gas Turbine Components 16 p (SEE N88-17647 10-07) Sep. the S1 Modane wind tunnel is presented. The validity of the main
1987 Sponsored by NASA, Washington, D.C. calculation methods use, in this research is analyzed.
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 CSCL 21E Counterrotating highspeed propellers are also studied. Their

The aerodynamic performance of a scale model, performance benefits against single rotation propellers are
counter-rotating unducted fan has been determined and the results presented. Author
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N88-17670# Fiat Aviazione S.p.A.. Turin (Italy). Direzione the shock wave movement was found to depend highly upon
Progettaztone. upstream perturbations, but weakly upon downstream flow. For
ANALYSIS OF POSSIBLE TRANSMISSION ARRANGEMENTS the first time, these results point toward possibilities for limiting
APPLICABLE FOR DRIVING SINGLE OR TWIN the choke flutter domain. Author
COUNTERROTATING FANS ON PROPFAN ENGINES
L. BATTEZZATO and S. TURRA In AGARD Advanced Technology N88-7674# Technische Univ., Hanover (Germany, F.R.). inst.
for Aero Gas Turbine Components 11 p (SEE N88-17647 10.07) fuer Stroemungsmaschinen.
Sep. 1987 POSSIBILITIES FOR ON-LINE SURGE SUPPRESSION BY FAST
(AGARD-CP-42t) Avail: NTIS HC A23/MF A01 GUIDE VANE ADJUSTMENT IN AXIAL COMPRESSORS

A number of different designs of propfan engines are now W. RIESS and U. BLOECKER In AGARD Advanced Technology
being defined by the main engine manufacturers in the world, for Aero Gas Turbine Components 15 p (SEE N88-17647 10-07)
Some of these designs require a reduction gearbox between the Sep. 1987
LP turbine and the proptan; the propfan itself is conceived as (AGARD-CP-421) Avail: NTIS HC A23/MF A01
single stage, variable pitch blade or double counterrotating stage The usual surge suppression regulation is realized by integration
variable pitch solution. In order to satisfy these requirements, the of a fixed limit line into the regulation system at a safe distance
authors propose different mechanical arrangements of the from the stability limit of the compressor. With appropriate means
reduction gearbox and, for given engine interfaces, compare their for detection of stall and surge in addition to fast response of the
relative merits in order to eventually show the optimum solution, guide vane adjustment, an adaptive system for surge suppression
The comparison is made on the basis of various aspects: lightness, which takes into account the actual state of the compressor could
quietness, life, reliability, safety and maintainability. Author be realized. Experimental results for stall detection and for different

modes of guide vane adjustment are presented. A six stage axial
N88-17671# Stuttgart Univ. (Germany, F.R.). Inst. fuer Aero- compressor is equipped with fast acting guide vane adjustment in
und Gasdynamik. all stages. Author
TRANSONIC BLADE DESIGN ON ROTATIONAL STREAM
SURFACES NOS-17675# Norqes Tekniske Hoegskole, Trondheim. Div. of
F. KLIMETZEK and E. SCHMIDT In AGARD Advanced Technology Hydro- and Gas Dynamics.
for Aero Gas Turbine Components 11 p (SEE N88-17647 10-07) RADIAL COMPRESSOR DESIGN USING AN EULER SOLVER
Sep. 1987 JAN TORE BILLDAL and ANDREW WILSON In AGARD Advanced
(AGARD-CP-42 , Avail: NTIS HC A23/MF A01 Technology for Aero Gas Turbine Components 12 p (SEE

A method enabling the computation of cascade profiles from N88-17647 10-07) Sep. 1987
prescribed velocity distributions in a relative system is presented. (AGARD-CP-421) Avail: NTIS HC A23/MF AO0
The optimization of the velocity distributions in a relative system The steady inviscid flow through a radial compressor is
is presented. The optimization of the velocity distribution to attain computed by solving the three dimensional Euler equations on
definite values in parameters such as turning angle, chord length both an H-type and O-type grid. The centered finite volume method
or profile thickness is also included. Comparisons between the with an explicit integration scheme is used to solve the equations.
inverse design method with various analysis programs for cascades The numerical programs were developed as a tool in the design
in both absolute and relative systems show good agreement. process of new, high pressure radial compressors with complex

Author geometries and spifferblades. Author

N88-17872# Von Karman Inst. for Fluid Dynamics, N88-17676# Deutsche Forschungs- und Varsuchsanstalt fuer
Rhode-Saint-Genese (Belgium). Luff- und Raumfahrt, Cologne (Germany, F.R). Inst. fuer
INVESTIGATION OF DIHEDRAL EFFECTS IN COMPRESSOR Antriebstechnik.
CASCADES SECONDARY FLOW MEASUREMENTS WITH UF-TECiNQUE
F. A. E. BREUGELMANS In AGARD Advanced Technology for IN CENTRIFUGAL COMPRESSORS
Aero Gas Turbine Components 14 p (SEE N88-17647 10-07) Sep. H. KRAIN In AGARD Advanced Technology for Aero Gas Turbine
1987 Components 10 p (SEE N88-17647 10-07) Sep. 1987
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 (AGARD-CP-421) Avail: NTIS HC A23/MF A01

An experimental investigation of the influene of blade dihedral The flow characteristics of a 30 degree backswept impeller
on the secondary flow in the two dimensional NACA 65-series are analyzed by means of the L2F measurement technique.
compressor cascade is performed. Different inlet boundary layer Significant cross flows, noticeable distortions of the through flow
thicknesses are used on the endwalls. Three different stacking patterns and considerable velocity fluctuations were found inside
tines have been chosen, namely a straight line inclined at 15, 25 the blade passages of the impeller. The distortions of the velocity
and 35 degrees, a circular arc and an elliptic arc. The incidence patterns are smoothing towards the impeller exit. A detailed analysis
range up to stall has been investigated and the local and overall of the measured data reveals the existence of two counter rotating
losses are compared. The obtuse angle between the blade suction channel vortices that are significantly influencing the overall flow
surface and the endwall has a beneficial effect on overall and character. Author
secondary flow loss. Some limitations have to be accepted,
depending on boundary layer thickness and incidence. Author NBS-17677# Centre National de Is Recherche Scientithque,

Marseilles (France).
NBS-17673# Ecole Centrale de Lyon (France). Lab. dvt Mecanique METHOD FOR PREDICTING PERFORMANCE LIMITS OF
des Fluides. CENTRIFUGAL COMPRESSORS [METHODE DE PREVISION
PARAMETRIC STUDY OF CHOKE FLUTTER WITH A LINEAR DES LIMITES DE FONCTIONNEMENT EN DEBIT DES
THEORY COMPRESSEURS CENTRIFUGESI
PASCAL FERRAND In AGARD Advanced Technology for Aero H. MITON, 0. SENATORE, and J. CHAUVIN (LEMFI. Orsay, France)
Gas Turbine Components 14 p (SEE N88-17647 10-07) Sep. In AGARD Advanced Technology for Aero Gas Turbine Components
1987 In FRENCH; ENG-ISH summary Sponsored by Societe 12 p SEE N88-17647 10-07) Sep. 1987
Nationale d'Etude at de Construction de Moteurs d'Aviation, )n FRENCH
France (AGARL, CP-42t) Avail: NTIS HC A23/MF A01
(AGARD-CP-421) Avail: NTIS HC A23/MF A01 Currently, the phenomena which impose performance limits in

When the choke flutter problem arses in the stator, the centrifugal compressors are not clearly identifiable, If pumping and
inci(ance is slightly negative and the inlet Mach number is subsonic rotating stall are frequently observed at partial output, it is not
A one dimensional unsteady approach is used in the blade channel certain whether the pumping limit is imposed by purely
and out of the cascade. The equations describe the unsteady two nonstationary phenomena. The approach described here consists
dimensional periodical flow field. The results are compared to of determining that limit t specifically applying the load cntena in
experimental data from tests. A parametric study was developed the axial region of the moving impeller and the diffuser semi-blade
to understand the influence of stationary velocity gradient and section. The performance limit is assumed to be reached when
shock wave movement. The results obtained do not contradict impeller and diffuser are simultaneously stalled. The results of a
each other, but they lead to different explanations. For instance, simple analysis method, applied to two compressors having very
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different geometric charactenstics, show a fairty good agreement N68-17681# Societe Nationale d'Etude et de Construction de
between the performance limit defined with this criterion and the Moteurs d'Aviation, Moissy-Cramayel (France).
experimental pumping limit. M.G. COMPUTATION OF SECONDARY FLOWS IN AN AXIAL

MULTISTAGE COMPRESSOR [CALCUL DES ECOULEMENTS
SECONDAIRES DANS UN COMPRESSEUR AXIAL
MULTIETAGE]
F. FALCHETTI and J. BROCHET In AGARD Advanced Technology
for Aero Gas Turbine Components 13 p (SEE N88-17647 10-07)

N88-17678# Pratt and Whitney Aircraft, West Palm Beach, FL. Sep. 1987 In FRENCH; ENGLISH summary Sponsored by
Engineering Div. Direction des Recherches, Etudes et Techniques, France and
DESIGN AND DEVELOPMENT OF AN ADVANCED F100 Societe National d'Etude at de Construction de Moteurs d'Aviation,
COMPRESSOR France
CHARLES M. LOVE In AGARD Advanced Technology for Aero (AGARD-CP-421) Avail: NTIS HC A23/MF A01
Gas Turbine Components 12 p (SEE N88-17647 10-07) Sep. SNECMA has developed and extended the use of a secondary
1987 flow computation method for axial flow compressors. This method
(AGARD-CP-421) Avail: NTIS HC A23/MF AOl takes into account the secondary phenomena through a viscous

The aerodynamic and mechanical design features of an correction applied to a through flow calculation. This correction is
advanced F100 compressor are described. The design objectives calculated to the complete meridan plane, including the bladerows.
were to increase the efficiency and stability, along with simplifying A set of equations deduced from three dimensional parabolized
the mechanical configuration in order to reduce the number of and pitchwise averaged Navier-Stokes equations are solved. A
parts. Test results from a compressor rig and core engine are classical coupling process between the secondary flow and the
shown. Comparisons of the performance to the current F10O through flow computations is insured through mass flow injection.
compressor are made. Results of testing with inlet pressure After reviewing the main features of the method, an application to
distortion are showm. Configuration features to improve reliability, a multistage compressor is presented. The application of this
durability, maintainability and producibility are shown. Author method to the design of end-bend blades is shown. Author

N88-28926# Advisory Group for Aerospace Research and
N8S-17679# Societe Nationale d'Etude et de Construction de Development, Neuilly-Sur-Seine (France)
Moteurs d'Awation, Moissy-Cramayel (France). AGARD ENGINE DISC COOPERATIVE TEST PROGRAMME
DESIGN AND TESTING OF A FRONT STAGE FOR AN A. J. A. MOM and M. D. RAIZENNE (National Aeronautical
ADVANCED HIGH PRESSURE COMPRESSOR [CONCEPTION Establishme.' Ottawa, Ontario ) Aug. 1988 87 p
ET ESSAIS D'UN ETAGE DE TETE D'UN COMPRESSEUR HP (AGARD-R-766; ISBN-92-835-0475-5; AD-A199759 Avail: NTIS
AVANCE) HC AO5/MF AOl
MARIUS GOUTINES and HENRI NAVIERE In AGARD Advanced The initial results of an AGARD test program on fatigue behavior
Technology for Aero Gas Turbine Components 15 p (SEE of engine disc materials are described. The first phase of the
N88-17647 10-07) Sep. 1987 In FRENCH Sponsored by program, the Core Program, was aimed at test procedure and
Direction des Recherches. Eludes et Techniques du Ministere de specimen standardization and calibration of the various laboratories.
IAGAD-CP-n21, Frae NA detailed working document is included which descnbes the testingtAGARD-CP421 Avail: NTIS HC A23/MF A1o fundamentals and procedures and includes the analysis procedures

Studies of an advanced high pressure compressor show that used for handling the test data. Fatigue crack initiation and
the front stage rotor is supersonic all along the span of the blades. propagandeing was etd Fatigue ateial undSNECA dsignd ad cnstrcte a mnosagecompessr ~ propagation testing was performed on Ti-6lAl-4V material under
SNECMA designed and constructed a monostage compressor to room temperature and constant amplitude loading conditions using
evaluate performances, especially secondary flows. The approach four different specimen designs, All results were statistically
used in the compressor project, the design configuration, and analyzed for possible significant differences in material behavior
velocity triangles selected for nominal operation level are described, due to disc processing variables, specimen location in the disc or
The supersonic profiles were optimized by the direct solution of testing laboratory. Author
the three dimensional Euler equations. The subsonic profiles were
optimized by a direct potential method coupled with a boundary
layer calculation. The global performances are addressed. The
measured aerodynamic fields and azimuthal means are compared
to the theoretical predictions for the front wall secondary flow
region. Author NS8-29911I# Pratt and Whitney Aircraft. West Palm Beach, FL

Engineering Div.
FUEL PROPERTY EFFECTS ON THE US NAVY'S TF30
ENGINE
S. A. MOSIER and P. A. KARPOVICH (Naval Air Propulsion Test
Center, Trenton, N.J.) In AGARD. Combustion and Fuels in Gas

N88-17680# Deutsche Forschungs- und Versuchsanstalt fuer Turbine Engines 15 p (SEE N88.29910 24-25) Jun. 1988
Luft- und Raumfahrt, Cologne (Germany, F R) Inst. fuer (AGARD-CP-422) Avail: NTIS HC A22/MF A0l
Antriebstechnik. The TF30 engine was introduced into Navy service in 1972
EXPERIMENTAL INVESTIGATION OF A SUPERCRITICAL and is scheduled to continue to power the camer based F14 for
COMPRESSOR ROTOR BLADE SECTION some time Although the engine was designed and developed -o
R FUCHS. R KAYMAZ. H STARKEN, and W. STEINERT In operate on specification grade JP-5 fuel, il is conceivable that
AGARD Advanced Technology for Aero Gas Turbine Components during its lifetime, the TF30 might have to operate on out-of-spec
11 p (SEE N88-17647 10-07) Sep. 1987 or broadened-spec fuels. This contingency could anse should the
(AGARD-CP-421) Avail. NTIS HC A23/MF AOl availability of high grade petroleum crude oil used for aircraft fuel

A controlled diffusion rotor blade section was designed for a production be decreased Therefore, a program of expenmentation
supecritical inlet Mach number of M sub 1 equals 0.85 and a and analysis was conducted to evaluate the effects of
flow turning of 29 degrees. The blade section has been tested in broadened-spec petroleum fuels on the performance, durability and
a cascade wind tunnel under various inlet flow conditions and operability of the TF30-P-414A en ne. As fuel quality detenorated,
axial velocity density ratios. A detailed investigation about transition some reductions in engine performare characteristics were
and separation points was carried out at the design and at two observed. However, based upon limited time testing, the
off-design inlet flow conditions The results are presented and TF30-P-414A engine was shown to be capable of operating on
discussed. Author liquid petroleum fuels having a wide range of properties. Author
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Nos-10iai# imperial Coil. of Science and Technology. London structures undergoing thermomechanical loading. The steps are
(England). described in detail. Author
STRUCTURAL DYNAMIC CHARACTERISTICS OF INDIVIDUAL
BLADES N80-10012# United Technologies Research Center. East Hartford.
D. J. EWINS and R. HENRY (Institut National des Sciences CT.
Appliquees, Lyon, France ) In AGARD, AGARD Manual on AEROELASTIC COUPLING: AN ELEMENTARY APPROACH
Aeroelasticity in Axial-Flow Turbo Machines. Volume 2: Structural FRANKLIN 0. CARTA In AGARD, AGARD Manual on
Dynamics and Aeroelasticity 27 p (SEE N89-10006 01.02) Jun. Aeroelasticity in Axial-Flow Turbo Machines. Volume 2: Structural
1988 Dynamics and Aeroelasticity 16 p (SEE N89-10006 01-02) Jun.
(AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01 1988

The basic characteristics of blade vibration properties are (AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01
outlined. The design features are identified which have an influence It was shown in the original 1967 paper that the energy method,
on the IR values. Simple models of blades were used, then the using unsteady isolated airfoil theory, and applied to actual
methods were applied to calculation of the structural dynamic multibfade rotors, yielded results that were remarkably accurate.
properties of real blades. The natural frequencies and mode shapes This fortuitous agreement was sufficiently encouraging to foster a
of a blade in its operational environment may differ considerably continuing development of the technique and its constituent
from those calculated for the same blade as an isolated component. aerodynamic and structural dynamic components. As shown in
These differences are examined. Author these two volumes and in the several citations to advanced

analyses, current practice has gone well beyond the relatively

N89-10009# Imperial Coil. of Science and Technology, London simplistic view of the early paper. The aerodynamic input now
encompasses multiblade systems subjected to compressible flows,

STRUCTURAL DYNAMIC CHARACTERISTICS OF BLADED and structures are modeled to include nonlinearities and mistuning.
ASSEMBLIES Nevertheless, the paper has served its purpose well. In its original

D. J. EWNS In AGARD, AGARD Manual on Aeroelasticity in form it set the stage for the continual improvement of engine
AxiJ-Flow Turbo Machines. Volume 2: Structural Dynamics and flutter prediction methods, and in this manual it provides the reader
Aeroeaslicity 37 p (SEE N89-10006 01-02) Jun. 1988 with a vehicle for coordinating the separate disciplines which,
(AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A1 together, represent the modern approach to flutter prediction of

Considerable efforts were expended in order to make accurate turbomachinery blade rows. Author

predictions for the ezsential structural dynamic properties of typical N89-10013# Massachusetts Inst. of Tech., Cambridge. Gas
turbomachine blades. In the pursuit of accuracy in these predictions, Turbine Lab.
the effect of the coupling between one blade and its neighbors AEROELASTIC FORMULATION FOR TUNED AND MISTUNED
via the structure connections which exist, was neglected. The ROTORS
patterns of both natural frequencies and mode shapes for various EDWARD F. CRAWLEY In AGARD, AGARD Manual on
assemblies are illustrated and the major controlling factors in each Aeroelasticity in Axial-Flow Turbo Machines. Volume 2: Structural
case identified. Simplified mathematical models of a bladed Dynamics and Aeroelasticity 24 p (SEE N89-10006 01-02) Jun.
assembly are used that permit detailed parametric studies 1988
necessary to determine the patterns of behavior. Author (AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A0t

The topics to be addressed are: the formulation of the
N89-10010# Rolls-Royce Ltd., Bristol (England). aeroelastic problem, including a summary of the relations necessary
FATIGUE AND ASSESSMENT METHODS OF BLADE to transform various diverse structural and aerodynamic models
VIBRATION to a consistent notation; a brief review of the solution techniques
E. K. ARMSTRONG In AGARD. AGARD Manual on Aeroelasticity applicable; the trends in aeroelastic stability for tuned rotors; and
in Axial-Flow Turbo Machines. Volume 2: Structural Dynamics and the effects of mistuning on stability. Author
Aercelasticity 34 p (SEE N89-10006 01-02) Jun. 1988
(AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01 N49-10014# Pratt and Whitney Aircraft, East Hartford, CT

Fatigue is the failure mode of a metal which was subjected to FAN FLUTTER TEST
a large number of applications of stress. In a fatigue failure a HANS STARGARDTER In AGARD, AGARD Manual on
component suffers the development of a crack, which propagates Aeroelasticity in Axial-Flow Turbo Machines. Volume 2: Structural
very quickly across the section of the component. In the majority Dynamics and Aercelasticity 35 p (SEE N89-10006 0-02) Jun
of the cases this stress is a result of the vibration of the blades, 1988
compressor, or turbine, at a significant amplitude. It is necessary (AGARD-AG-298-VOL-2) Avail: NTIS HC At2/MF A01
to appreciate the major factors controlling the fatigue of blading The objective is to describe an aeroelastic investigation of fan
which are encountered in the actual operation of gas turbines flutter. Discussion includes test procedures for flutter evaluation,
and the practical steps which can be taken to assess the levels data acquisition and reduction, safety, and instrumentation. Some
of vibration which are present, to ensure as far as possible that data contents are included, but are not the primary concern. Initially,
blade failures due to this cause are minimized. Author a complete sequence of preparation, testing, and analysis of an

ideal fan flutter test is presented. This is followed by identification
N89-10011# Office National d'Etudes et de Recherches of dangerous blade vibrations, a case history of a NASA/Pratt
Aeronautiques, Paris (France). and Whitney Subsonic/Transonic Flutter Study, and a discussion
LIFE TIME PREDICTION: SYNTHESIS ON ONERA'S RESEARCH and analysis of the program results. Lastly, a summary relating
IN VISCOPLASTICITY AND CONTINUOUS DAMAGE this test to the overall discussion of fan flutter testing is presented.
MECHANICS, APPLIED TO ENGINE MATERIALS AND it will be noted that many of the steps in the ideal test situation
STRUCTURES were omitted in the actual case history. Most of these differences
R. LABOURDETTE In AGARD, AGARD Manual on Aeroelasticity are in the test preparation area because the case history used a

a ,xial-Flow Turbo Machines. Volume 2: Structural Dynamics and previously lested design in which much of the preliminary work
Aeroelasticity 15 p (SEE N89-10006 01-02) Jun. 1988 and safety screening was already accomplished. Author
(AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01

Improvements in the metallurgy of superalloy materials make it N89-10015# Jeffers (James D., II1), Tampa, FL
possible to use them at higher temperatures. However, it follows AEROELASTIC THERMAL EFFECTS
from the increase in temperature that more severe JAMES 0. JEFFERS, Ill In AGARD, AGARD Manual on
thermomechanical problems are encountered when dealing with Aeroelasticity in Axial-Flow Turbo Machines. Volume 2. Structural
the design and life prediction of turbine blades. Roughly speaking, Dynamics and Aeroelasticity 6 p (SEE N89-10006 01-02) Jun
two phenomena are to be described for such a prediction: creep 1988
and fatigue. The main steps for the method of life prediction (AGARD-AG-298-VOL-2) Avail: NTIS HC A121MF A01
developed at ONERA are: behavior of the macroscopic volume The adverse effect of iocieasing temperature on the stability
element; damage accumulation under creep-fatigue conditions and of turbomachinery airfoils was long recognized but remains today
numerical methods of stress and damage calculation in complex one that is not fully understood. The quantitative effect on the
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reduced frequency parameter. k = omega C/V, which was N8-16783# Royal Air Force, London (England).
experimentally and analytically shown to be one of the most ENGINE USAGE CONDITION AND MAINTENANCE
inftuential stability parameters, is readily calculated. The effects of MANAGEMENT SYSTEMS IN THE UK ARMED FORCES
increasing temperature on the parameters that comprise reduced W. D. M. FLETCHER and N. A. SAIRSTO In AGARD, Engine
frequency are well known. Unfortunately. the resulting effect on Condition Monitoring: Technology and Experience 5 p (SEE
aeroelastic stability, particularly for stall flutter, is not This nabil .y N89-16780 09-0) Oct. 1988
to completely assess thermal effects, among others, was (AGARD-CP-448) Avail: NTIS HC A20/MF A01
dramatically underscored by an occurrence of subsonic stall flutter The cost effectiveness of engine condition monitonng is often
in the first stage fan rotor of the F100 turbofan engine early in questioned. The Royal Air Force (RAF) has considerable
the development program. The severity of the problem prompted experience in engine condition monitoring based on a series of
an intensive experimental test program and analysis to first trials. Recently aircraft were introduced with comprehensive
determine a solution and, further, to assess the design techniques monitoring systems. Previous condition usage monitoring trials are
used to avoid the problem. As a result, a decade of extensive outlined together with the reasons for changing from scheduled
analytical and experimental research was conducted at the based maintenance to condition based maintenance. The cost
Government Products Division of Pratt and Whitney Aircraft, the effectiveness of various methods is reveale and the difficulty of
United Technologies Research Center. and the NASA Lewis justifying the retrofit of equipment fleetwide is discussed. Finally.
Research Center. The folloawIg is a summary of some of the some of the current activities in the RAF on condition monitonng
findings of these investigations. Author are presented. Author

N89-16781# NATO European Fighter Management Agency, N89-16784# National Defence Headquarters. Ottawa (Ontano).
Munich (Germany. F.R.). Directorate of Transport and Helicopter Engineering and
OPERATIONAL REQUIREMENTS FOR ENGINE CONDITION Maintenance.
MONITORING FROM THE EFA VIEWPOINT CANADIAN FORCES AIRCRAFT CONDITION/HEALTH
J. V. GOODFELLOW In AGARD, Engine Condition Monitoring: MONITORING: POLICY, PLANS AND EXPERIENCE
Technology and Expeence 4 p (SEE N89d16780 09-06) Oct. CHRISTOPHER SCHOFIELD, ROSS LAGRANDEUR, FRANCOIS
198T DUBE, THOMAS HARRIS. ROBERT W. CUE, and ALAIN

(AGARD-CP-448) Avail: NTIS HC A20/MF A01 LEBLANC In AGARD. Engine Condition Monitoring: Technology
The Engine Health Monitoring (EHM) System for the European and Experience 10 p (SEE N89-16780 09-06) Oct. 1988

Fighter Aircraft (EFA) is to be an integral part of the overall (AGARD-CP-448) Avail: NTIS HC A20/MF A01
Weapons Systems Integrated Monitoring and Recording System. Current Canadian Forces (CF) policy with respect to aircraft
This will include both an on-aircraft element and a ground-based Engine Condition/Health Monitoring (ECM/EHM) is highlighted In
station which will have to interface with the different logistics ADP doing so, a summary of CF aircraft types and the ECM/EHM
systems being developed. By means of measurements and techniques applied to each is presented. The CF's experience to
analyses the EHM is required to automatically and continuously date with the development and application of ECM/EHM is
monitor the condition of the engine and to detect and accurately reviewed. This includes an examination of the effectiveness of
diagnose any need for immediate and future maintenance actions, the CF Spectrometric Oil Analysis Program and the use of magnetic
The purpose is to provide for a rapid turn-around at the flight line particle detectors and manual performance trending. Present plans
and to reduce both the need and the time required for all for further development and implementation of policy
maintenance thereby increasing the overall availability for methodologies and techniques; and for the integration of these
operational use. The intention is that this shall contribute to the into an effective ECM/EHM capability that will pay benefits both
significant improvement in weapon system cost effectiveness that in terms of life cycle costs and operational availability, are
is believed to be achieveable through greater attention to reliability, presented. Author
maintainability, and testability. Author

1094-167878 GasTOPS Ltd. Ottawa (Ontario).
CF-18 ENGINE PERFORMANCE MONITORING

N89-16782# Naval Air Systems Command, Washington, DC. D. E. MUIR. D. M. RUDNITSKI and ROBERT W CUE (National
AN OVERVIEW OF US NAVY ENGINE MONITORING SYSTEM Defence Headquarters, Ottawa, Ontario I In AGARD. Engine
PROGRAMS AND USER EXPERIENCE Condition Monitoring: Technology and Experience 20 p (SEE
ANDREW J. HESS In AGARD, Engine Condition Monitoring: N89-16780 09-06) Oct. 1988
Technology and Experience 16 p (SEE N89-16780 09-06) Oct. (AGARD-CP-448) Avail: NTIS HC A20/MF A01
1988 The Canadian Forces (CF) have adopted a conditional
(AGARD-CP-448) Avail: NTIS HC A20/MF A01 maintenance concept for the engines of the CF-18 fighter aircraft

The Naval Air System Command (NAVAIR) has made a In support of this concept, advanced engine performance
commitment to require inflight engine monitoring capabilities and monitoring procedures are being developed to track the general
Engine Monitoring Systems (EMS) on all new aircraft and engine performance level of each engine and identify prob!ematic engine
programs, The current EMS requirement and system design components. The procedures are based on takeoff ground roll
concepts are the end result of over 15 years of developing system data recorded by the aircraft In-Flight Engine Condition Monitoring
capabilities and justiying system benefits. These requirements and System and steady-state data obtained from automated Engine
system design concepts are based on the lessons learned from Test Facilities The development and field evaluation of these
the F/A-I8 and A-7E Inflight Engine Condition Monitoring System procedures is described A discussion of future development work
(IECMS) program. The highly successful A-7E IECMS is the and related research activities is also included. Author
cornerstone on which all Navy EMS are based today. NAVAIR
has revised the general engine specifications to contain detailed
requirements for a comprehensive EMS. These requirements were N89-16790# Ministry of Defence. London (England) Directorate
included for flight safety, maintenance, engineering management, of Engines
and operational support benefits. These specification requirements RECENT UK TRIALS IN ENGINE HEALTH MONITORING:
were used on all new aircraft/engine programs (eg, F 14A + . FEEDBACK AND FEEDFORWARD
F-14D. A-6F. AV-8B, E-2C re-engine, and V-22). When lustifiable. M. J. SAPSARD In AGARI), Fegine Condition Monitoring
EMS is also being considered for retrofit on several older Technology and Experience 8 p (SEE N89-16780 09-06) Oct.
aircraft/engine applications. An overview is given of the U.S. Navy 1988
EMS program status Established EMS functional capabilities and (AGARD-CP-448) Avail. NTIS HC A20/MF A01
requirerients are discussed and detailed specification items are Engine health monitoring effectiveness had to be quantified
reviewed Current EMS projects are examined with respect to prior to large scale commitment by the UK Services. Some of the
system description, program Status and individual peculiarities activities undertaken *n Air Staff Target 603 are described A
Finally, conclusions are given on EMS projected benefits, user program was set up to assess that effectiveness Also described
experience, lessons learned, and future directions of this are -ome of the incidental lessons learned from this and other
technology Author related health monitorng exercises. Author

69



07 AIRCRAFT PROPULSION AND POWER

N89-16791# Turkish Air Force. Ankara. Aircraft Engines performance checks rarely provide sufficiently reliable data for
Branch, maintenance or diagnostic purposes. In contrast, performance
Fl10 ENGINE MONITORING AND MAINTENANCE assessment methods based on gas path analysis principles and
MANAGEMENT SYSTEMS FOR F-16 C/D engine/aircraft data, automatically recorded during flight, offer a
F. ALGUN In AGARD, Engine Condition Monitoring: Technology potentially attractive alternative. ARL has investigated a number
and Expenence 12 p (SEE N89-16780 09-06) Oct. 1988 of these alternatives, and has carried out an in-service trial on a
(AGARD-CP-448) Avail: NTIS HC A20/MF A01 Boeing CH47C Chinook helicopter operated by the RAAF. In the

The engine monitoring and management systems employed by tria) existing aircraft/engine instrumentation was complemented by
the Turkish Air Force for F1 10-GE.100 engines of F-16 C/D aircraft specially designed probes located at module interfaces while the
are described. These systems include the Engine Monitoring data was recorded on an ARL designed acquisition system. The
System (EMS) and the Minimum Essential Engine Tracking System performance-fault algorithms used in the analyses were configured
(MEETS). The EMS performs the acquisition, transfer and for a range of engine operating speeds. Results for the trial are
processing of engine data for maintenance use. The systems presented in terms of deviations from pre-established baseline
monitors engine operation, and determines engine exceedances conditions. Statistical analyses using linear regression fits and
and faults; isolates faults to appropriate level and processes data Kalman filtering techniques have been investigated to minimize
to interface with other data systems. The MEETS provides an the effects of data uncertainty. The applicability of the procedures,
automated means of managing on-condition maintenance of fighter including thermodynamic analyses and equipment are discussed
engines. This system tracks engines and components in terms of in terms of fleetwide adoption of the Chinook. Author
operation time, temperature, and cycle limits, and also forecasts
remaining flying and engine operation hours for an individual engine. N89-16803# National Research Council of Canada. Ottawa
aircraft, or the whole fleet. The operation of the systems and (Ontario).
future plans to develop and implement a unique data automation THE EFFECTS OF A COMPRESSOR REBUILD ON GAS
systems are discussed. This automated data system will be capable TURBINE ENGINE PERFORMANCE
of supporting all the base level functions of aircraft, engines. J. D. MACLEOD and J. C. G. LAFLAMME (Canadian Forces Base.
trainers, support equipment, test equipment, missiles, munitions Baden-Soellingen. Germany, F.R. I In AGARD, Engine Condition
and communications/electronics. Author Monitoring: Technology and Experience 14 p (SEE N89-16780

09-06) Oct. 1988
N89-16796# Societe Nationale d'Etude et de Construction de (AGARD.CP-448) Avail: NTIS HC A20/MF A01
Moteurs dAviation, Evry Cedex (France). The Canadian Department of Defence, in conjunction with the
SERVICE LIFE CALCULATOR FOR THE M53 TURBOFAN Engine Laboratory of the National Research Council Canada.
ENGINE [LE CALCULATEUR DE POTENTIEL SUR LE initiated a project for the evaluation of gas path coatings on the
REACTEUR M531 Allison T56 engine. The objective of this work was to evaluate
CLAUDE SPRUNG In AGARD, Engine Condition Monitoring: blade coatings in terms of engine performance effects and material
Technology and Experience 15 p (SEE N89-16780 09-06) Oct. durability. The project included a study of the influence of rebuilding
1988 In FRENCH the compressor on performance, since dismantling and rebuilding
(AGARD-CP-448) Avail: NTIS HC A20/MF AOl was required in the coating process, Described is the compressor

The functional requirements for a service life calculator are rebuild study, including the overall obiectives, the test set-up, the
defined and the flight and ground equipment comprising such a performance effects, and the uncertainty of the measured results
system are described. A system utilization philosophy is defined The impact of this work on the coatings project is also
and preliminary results from studies considering the application of documented. Author
service life calculators are presented. Author N89-16604# GEC Avionics Ltd.. Rochester (England Future

N9-16800# Motoren- und Turbinen-Union Muenchen G.m.b.H. Systems Group.
(Germany. F.R.). SYSTEM CONSIDERATIONS FOR INTEGRATED MACHINERY
THE ADVANTAGE OF A THRUST RATING CONCEPT USED HEALTH MONITORING
ON THE RB199 ENGINE R. M. TESTER In AGARD. Engine Condition Monitoring
P. THEIMER In AGARD, Engine Condition ,lonitoring. Technology Technology and Experience 14 p (SEE N89-16780 09-06) Oct.
and Expenence 15 p (SEE N89-16780 09-06) Oct. 1988 1988
(AGARD-CP-448) Avail: NTIS HC A20/MF A0l (AGARD-CP-448) Avail: NTIS HC A20/MF A01

The control system of the RB199 engine was designed for a Aircraft engine health monitoring, and other related machinery
rating, using the HP-turbine inlet temperature as a limiter. The condition monitoring, has been gaining in credibility and
engine has now been in service for 7 years and still uses the implementation over recent years. It is destined to become standard
original concept throughout all fleets in the UK. Italy and Germany. fit on all new major aircraft programs in the near future. To date
although new digital engine control units are being introduced which the monitoring systems have mainly been stand-alone in form,
will allow considerable improvements. For some fleets a thrust and have been treated as separate functions. This paper discusses
rating concept based on the onginal control system design has the considerations for integrating health monitonng into other
been installed recently The concept is described and the procedure aircraft systems, and reviews the potential benefits to be gained
explained. A comparison is made between the existing full thrust by such integration In conclusion, the paper presents two products
concept at the maximum cleared HP turbine temperature and the from both ends of the spectrum, representing a simple single unit
applied thrust rating concept. Besides the basic behavior of seal integration, and a full aircraft-wide implementation Author
gaps, the influence of thrust rating in view of the life usage of
life-limited parts as well as in the change of the maintenance N89-16805# Societe de Fabrication d'lnstruments de Mesure,
material costs is explained. The assumptions for the comparison Massy (France). Measurement and Flight Test Dept.
with their background are described. Finally, a refined thrust rating MAINTENANCE AID SYSTEM FOR WIDE BODY AIRCRAFT
concept is introduced. Author ALBERT LEVIONNOIS In AGARD. Engine Condition Monitoring

Technology and Experience 7 p (SEE N89-16780 09-06) Oct
N$9-16802# Aeronautical Research Labs., MelbOurne 1988
(Australia). (AGARD-CP-448) Avail: NT! HC A20/MF A0l
GAS PATH ANALYSIS AND ENGINE PERFORMANCE Aircraft maintenance personrc' when troubleshooting aircraft
MONITORING IN A CHINOOK HELICOPTER failures, must first acquire a great deal of information about the
D E GLENNY In AGARD. Engine Condition Monitoring: aircraft's engines before being able to arrive at any kind of
Technlogy and Experience 14 p (SEE N89-167890 09-06) Oct. diagnosis. Computerized modern aircraft provide all necessary
1988 parameters with good precision Aircraft condition nionitoring
(AGARD-CP-448) Avail: NTIS HC A20/MF A01 systems centralize information from data buses, compute flight

Periodic and consistent assesme,;t of engine performance in phases, determine the reports to be made per flight phase and
military heicopters is essential if in-service operating margins are function, and carry out automatic parameter identification, Should
not to be eroded by harsh environmental conditions Manually an incident occur, then the prameter's history is stored before
initiated GO-NO-GO pre-ffight checks (fHIT, etc) or ad-hoc in-flight and after the incident, together with its evolution. All this information
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is stored in static memory for transmission by data link. is printed logistics Operating costs can be significantly reduced with an
during or after the flght. o Townloaded when the aircraft is back appropriate fault management system on board The paper
at its base Today hti -i- 35 arid 40 reports are currently presents (1) a brief review of the evolution of engire controls: (2)
produced by wide booy aircraft This technology is easily adaptable the emergence of fault management systems (as part of engine
to combat aircraft Author control systems) (3) maturity of fault management systems (still

evolving); and (4) future potential Author
N89-16806# Computing Devices Co, Ottawa (Ontario)
INSTALLED THRUST AS A PREDICTOR OF ENGINE HEALTH N89-16813# Aeronautical Research Labs. Melbourne
FOR JET ENGINES (Australia).
G B MACKINTOSH and M J HAMER In AGARD. Engine IDENTIFICATION OF DYNAMIC CHARACTERISTICS FOR
Condition Monitoring: Technology and Experience t0 p (SEE FAULT ISOLATION PURPOSES IN A GAS TURBINE USING
N89-16780 09-06) Oct. 1988 CLOSED-LOOP MEASUREMENTS
(AGARD-CP-448) Avail. NTIS HC A20/MF A0t G L MERRINGTON In AGARD, Engine Condition Monitoring

Extensive installed and uninstalled gross thrust measurements Technology and Experience 13 p (SEE N89-16780 09-06) Oct
were made over one complete maintenance cycle on 19 1988
afterburning turbojet engines. Installed measurements utilized a (AGARD-CP-448) Avail: NTIS HC A20/MI A01
sensor which can compute the thrust in real time from engine Combat aircraft, because of the mission profiles involved. tend
tailpipe pressure measurements. Correlation of installed thrust with to rarely operate with their engines in a steady-state condition for
maintenance history indicated a maximum degradation below which extended periods. Furthermore, current generation aircraft contain
engines were removed from service The engines were trimmed Engine Monitoring Systems (EMS) which automatically capture a
uninstalled using lapse rate charts to produce a specific value of record of important engne parameters when a parameter
uninstalleu thrust, co ected to standard conditions, Significant exceedance is detected, It follows then that any subsequent
va:,ations in installed ccrected thrust resulted. Higher initial values post-flight data analysis for fault isolation purpose will often
of installed correcteu thrust resulted in more rapid engine necessitate the extraction of the required diagnostic information

degradation and a s arer time before maintenance was required. from transient data records. This generally contrasts with past
Author practice where most of the available fault diagnostic procedures

have been derived from steady-state information In an attempt to

N89-16808# Rolls-Royce Ltd., Bristol (England). Mechanical overcome this, and thereby provide effective tools for diagnosing
Technology (Mil-tary) Dept faults from transient data records, a procedure is outlined to extract
A JOINT STUDY ON THE COMPUTERISATION OF IN-FIELD information about the dynamic characteristics of gas turbines from
AERO ENGINE VIBRATION DIAGNOSIS input/output measurements. The parameter estimator technique
H R CARR. G. J. IVES, and P. JENKINS (Ministry of Defence, involved has the potential to provide a means of detecting zhanges
London. England I In AGARD. Engine Condition Monitoring: in some unmeasured/unrecorded parameter, such as shifts in
Technology and Experience 13 p (SEE N89-16780 09-06) Oct. variable geometry schedules. Thus in essence, it provides a too
1988 Sponsored by Ministry of Defence Procurement Executive. for identifying problems froti simple transient test data which were
London, United Kingdom previously inaccessible or difficult to obtain Author
(AGARD-CP-448) Avail NTIS HC A20/MF A0t

Test House methods used by the RAF for diagnosing causes N89-16814# Canadian Forces Base Trenton. Astra (Ontario)
of excessive vibration in Military Engines are based on a visual Aerospace Maintenance Development Unit

comparison of the test signatures with those from buillt-m-fault CF-18/F404 TRANSIENT PERFORMANCE TRENDING
tests literpretaton depends largely on operator experience. A .i R. HENRY In AGARD. Engine Condition Monitoring Technology

joint program was launched in 1984 to develop a software-based and Experience 13 p (SEE N89-16780 09-06) Oct. 1988
analyzer to diagnose a range of mechanical abnormalities including (Contract FE220786FRMC4; ARP-3610-147)
unbalance, malalignment of bearings and shafts, and squeeze film (AGARD-CP-448) Avail: NTIS HC A20/MF A01
bearing functions The analyzer would handle a varicty of engine The on 'ondition concept of aircraft engine ma:ntcnanoe Tus
types and would be suitable for inexperienced operators. The led to intensive analysis of the data recorded by Engine Health
ensuing program between MOD and RR pic developed data Monitoring systems during steady-state operation of the engine
acquisition and interpretive routines, and provided recorded engine To date however th, transient data acquired during take-off or
signatures from both the RAF and Rolls-Royce pic '-! beds in-flight have received far less attention. Presented here are the
Important aspects were the essential combination c. intuitive results of an investigation into the feasibility of utilizing engine
operator experience, detailed, strip and inspection of problem data acquired during take-off to trend the perforrmance of a modern
engines, and an engineering understanding from Rolls-Royce pic. turbofan engine (GE-F404). Factors influencing the repeatability
The current intention is to install an Automatic Data Processing of take-off data such as throttle rate. vai able geometry and
system by 1990/1991. This paper reviews the successes achieved instrumentation effects are discussed Using engine data from
and problems encountered Author operational aircraft, various trending parameters are evaluated

using a data capture window developed to minimize the scatter of
N89-16809# Pratt and Whitney Aircraft of Canada Ltd,. Longueuf nominal engine performance. A statistical tool to identify
(Quebec) performance shifts is briefly described, and is shown to successfully
FAULT MANAGEMENT IN AIRCRAFT POWER PLANT detect a shift in the take-off performance of a recently repaired
CONTROLS engine. It is concluded that the trending or transient performance
S MAZAREANU and A. NOBRE In AGARD. Engine Condition data is a viable means of detecting certain engine faults and
Monitoring. Technology and Experience 16 p (SEE N89-16780 recommendations are made concerning the implementation of such
09-06) Oct. 1988 a program for the F404 engine. Author
(AGARD-CP-448) Avail: NTIS HC A20/MF A01

The advent of Digital Electronics in aviation has opened new N89-16853# National Aerospace Lab. Amsterdam
doors to fault manag.2ment as a -of to enhance aircraft operability 1Netherlands)
and safety in flight Today it is possible to integrate flight control MEASUREMENT UNCERTAINTY OF THE AGARD/PEP
systems with power plant management systems Operability of a UNIFORM ENGINE TEST PROGRAM
battle-damaged aircraft can be enhanced under certain conditions J. P. K. VLEGHERT /n AGARD. Aerodynamic Data Accuracy
through sophisticated fault management systems This paper and Quality Requirements and Capabilities in Wind Tunnel Testing
reviews some of the considerations applicable to engine control 12 p (SEE N89.16846 09-09) Jul. 1988
fault management systems in commercial aviation. Engine control (AGARD-CP-429) Avail NTIS HC A22/MF A01
systems have evolved in the last decade from being primarily In the AGARD/PEP Uniform Engine Test Program (UETP) two
hydromechanical to being primarily electronics. This rapid growth engines were tested in 8 facilities in 5 different countries to compare
in acceptance of the electronic systems by the aviation industry measuring practices and results An overview is given of the UTEP
was due to the improvement in reliability of the digital system with the emphasis on Uncertainty Assessment according to the
over analog systems previously in use. The fault management method proposed by Dr Abernethy in which the total uncertainty
systnm is a powerful tool to organize and optimize maintenance is split in a random error (scatter. precision) and a bias error or
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offset The results show that the random error is small but that been implemented by the Consultant and Exchange Programme
appreciable bias error exists between participants. Author of AGARD. Author

N89-16854# Sverdrup Technology. Inc., Arnold Air Force Station, N86-30741# Advisory Group for Aerospace Research and
TN Instrumentation and Controls. Development, Neuilly-Sur-Seine (France) Structures and Materials
AN OVERVIEW OF THE APPLICATION OF STANDARD Panel.
MEASUREMENT UNCERTAINTY METHODOLOGY TO GUST LOAD PREDICTION AND ALLEVIATION ON A FIGHTER
PROPULSION TESTING AIRCRAFT
J W. THOMPSON. JR.. W F KIMZEY, and W. 0. BOALS, JR. J. BECKER Jun. 1986 22 p Presented at the 61st Meeting
In AGARD. Aerodynamic Data Accuracy and Quality: Requirements of the Structures and Materials Panel of AGARD, Oberammergau,
and Capabilities in Wind Tunnel Testing 15 p (SEE N89-16846 West Germany. 6-13 Sep. 1985
09-09) Jul 1988 Prepared in cooperation with Arnold Engineering (AGARD-R-728; ISBN92-835-1532-3; AD-A169946) Avail: NTIS
Development Center, Arnold Air Force Station, TN HC A02/MF A01
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 In 1985 the AGARD Structures and Materials Panel initiated

In the past several years, a standard measurement uncertainty an activity on the flight of flexible aircraft in turbulence As a
methodology has been adopted by the SAE, ASME. AIAA, ISA. preliminary the Panel heard this paper whch discusses the
JANNAF, and ISO. This standard methodology has significantly influence of turbulence -induced dynamic lo~ds on the structural
improved the ability to resolve and understand measurement design of fighter aircraft. Methods for calculating dynamic response
systems accuracies in the engine test facility at AEDC. The are given, and the problems associated with improved ride are
measurement accuracy assessment methodology and its considered. Author
development background is examined. The procedural steps in
making an uncertainty analysis are reviewed, and typical results N87-21901# Technische Univ., Brunswick (Germany. F.R.). Inst,

of an analysis effort are illustrated by reviewing the elemental for Guidance and Control.
errors and uncertainties for state-of-the-art measurement systems DESIGN CRITERIA FOR MULTI-LOOP FLIGHT CONTROL .
used in simulated altitude tests of a.r breathing engine propulsion SYSTEMS

systems. Typical elemental and combined uncertainties for G. SCHAENZER In AGARD Efficient Conduct of Individual Flights
measured values of pressure, force, flow, and temperature and and Air Traffic or Optimum Utilization of Modern Technology for

uncertainties of propulsion system thrust and specific fuel the Overall Benefit of Civil and Military Airspace Users 12 p (SEE
consumption performance parameters are included. Author N87-21881 15-04) Dec. 1986

(AGARD-CP-410) Avail: NTIS HC A15/MF A0l
The problems of design criteria and architecture of multiloop

flight control systems for a realized system to achieve precise08 flight path guidance, safe and economic control of the aerodynamic
flow (airspeed, angle of attack and lift coefficient control) and

AIRCRAFT STABILITY AND CONTROL passenger comfort are discussed. Joint root locus and quality
criteria design are presented. The structure of the presented

Includes aircraft handling qualities. piloting; flight controls; and multiloop flight control system consists of nonlinear open loop
autopilots, control for fligit performance and flight management; superposed

quasilinear state vector feedback; and six control surfaces (aileron.
rudder, elevator, trim, throttle, direct lift/drag control). Author

N86-30739# Advisory Group for Aerospace Research and
Development. Neuilly-Sur-Seine (France) N87-22674# British Aerospace Public Ltd Co., Preston
AIRCRAFT RESPONSE TO TURBULENCE (England).
1985 32 p Presented at the 61st Meeting of the Structures IMPROVED COMBAT PERFORMANCE USING RELAXED
and Materials Panel of AGARD, Oberammergau. West Germany, STATIC STABILITY AND A SPIN PREVENTION SYSTEM (FBW
8-13 Sep. 1985 JAGUAR)
(AGARD-R-738; ISSN92-835-0393-7; AD-A171307) Avail: NTIS J, R. NELSON and T. D. SMITH In AGARD Improvement of
HC A03/MF A01 Combat Performance for Existing and Future Aircraft b p (SEI

In 1985 the Structures and Materials Panel initiated an activity N87-22663 16-05) Dec. 1986
to consider the flight of flexible aircraft in turbulence. As a IAGARD-CP-409) Avail: NTIS HC A07/MF A0t
preliminary to the start of this activity, the Panel heard the two The theoretical performance benefits that can be obtained by
papers included in this report. One of the two papers discusses designing an aircraft that is naturally unstable in pitch and arificla',y
measurements of time histories of turbulence made by specially stabilized by use of active control technology including an integral
equipped aircraft and turbulence event statistics obtained from stall departure and spin prevention/g limiting function are descr:bed.
aircraft in commercial operation The other paper considers aspects How many of these benefits have been successfully demonstrated
of collection and anaiysis of flight data. methods of calculating during flight trials on the FBW Jri]uar demonstrator aircraft is
aircraft response and constraints in operation. Author discussed. The flight trials are briefly discussed including t! e results

of the stall departure and spin prevention system assessment
N86-30740# Advisory Group for Aerospace Research and with examples of severe dynamic combat maneuvers made possible
Develop ent, Neuilly-Sur-Seine (France). Guidance and Control by such a system. The combination of leading edge wing strakes
Panel and longitudinal instability gave improvements in aircraft turn rate.
APPLICATION OF ADA HIGHER ORDER LANGUAGE TO acceleration, and field performance, thus providing a practical
GUIDANCE AND CONTROL demonstration of many of the theoretical benefits described earlier
May 1986 106 p Presented at a Lecture Series, Ottawa. The FBW Jaguar flight corrol system was designed from the
Ontario, 20-21 May 1986; London England, 2-3 Jun. 1986 and outset as a production system with the aim of identifying production
Cologne, West Germany. 5-6 Jun. .986; sponsored by the Guidance clearance procedures so this experience leads straight into new
and Control Panel and the Consultant and Exchange Programme combat aircraft such as the EFA Author
of AGARD
(AGARD-LS-146; ISBN92-835-1527-7; AD-A171299) Avail. NTIS N87-24404 Stevens Inst. of Tech, Hoboken, NJ Dept of
HC A06/MF A01 Mechanical Engineering.

Tne ic 3d to reduce escalating software life-cycle costs is the STALL FLUTTER
rationale for Ada Early experience with the langt'3ge suggests F SISTO In AGARD Aeroelasticity in Axial-Flow Turbomachnes
that the promise of increased software productivity can be fulfilled Volume 1. Unsteady Turbomachinery Aerodynamics 11 p (SEE
However. many problems remain; the need for validated and N87-24398 18-02) Mar. 1987
efficient compilers targeted for computers suitable to the guidance (AGARD-AG-298-VOL-t) Avail NTIS tIC A13/MF A01
and control application, and software development environments A qualitative exposition of stall flutter and the closely related

F built around Ada. are two among the Poremost This Lecture Series, phenomena of choke flutter and supersonic bending stall flutter in
sponsored by the Guidance and Control Panel of AGARD, has axial flow turbomachines is given R JF
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N87-29526# rntsh Aerospace Aircratt Group Preston N88-10799# Marconi Avionics Ltd , Rochester England) Combat
rEnglandi Arcraft CGntroIs Din
VOICE CONTROL OF COCKPIT SYSTEMS SOME APlROACHEs, rIu IHE DESt.C OF HIGH INTEGRITY
P BEKE',T ,n AGARD Information Managerret and Decision SOFTWARE
Mang II Advanced Airborre Weapon Systems 3 p (SEE J T SHEPHERD. D J MARTIN, and R B SMITH 1, AGARC.
N87 2903 24-6f F~b 1987 Sponsored by Royal Aircraft ault Tolerant Considerations tnd Methods for Guidance and
Estabisrment. Farnborough. England Control Systems 14 p (SEE N88 -0796 02-08 Jul 1987
AGARD.C- 414? Avail NTIS HC A14/MF A0t Sponsored by Ministry of Defence, United Kingdom

-he uSe of automatic speech recognition for cokpit IAGARD-AG-289) Avail NTIS HC AOT/MF AO
iianagement should allow more operations !o be carried out As the complexity of aircraft systems has increased and the
eail--..P In tern Ihis should reduce the frequency and length of performance requremrrts for such aircraft have become more
th. cao spent lookig .nt the cockpit, This would be particuarly demanding the number ot safety critical systems carried has
Lu,-. fcar !or the single seal pilot who could benefit trom increased This allied to the preponderanci Of digital systems on
maintanng isual contact with a target or cooperating aircraft in board the aircraft has meant that the software requirements of
idcifteri i should generaily allow more accurate flyrng performance safety critical systems have become one of the key items in the
,)d r duze the risk of collision with the ground or other aircraft development of new aircraft In the early days of hh integrity

r order to assess these anficipated advantages, a simulator trial systems analog techniques were used and a variety of redundancy
was se

t 
up at British Aerospace where a conventionally operated feuhniques developed to cope with the need to obtain the required

al-ar:,d fighter cockpit. containing electronic displays, was level of integnity from system elements whose inherent reliability
conpared wth ore where Direct Voice Input (DVI) took over some was low With !he advent Of digital systems it 5s necessary to
o' t-c roles normally carried out by tactile controls the comparison consider how much integrity can be achieved with system software
was made duing a simlateo low level mission containing a cross so that the total integrity of a safety critical system can be
sechon of typical cockeil acliwles The comparison is discussed maintained This can be achieved by fault avoidance or fault

O• alu Author tolerance To date the former has been the main method used to
achieve high integrity software However, fault avoidance to be
effectiue must assume an error free sestem which is near

,mpossible to acheve Falt avoidance is combined with fault
totaiOntr., which adlusts the system to its inherent errors, and is
added to assure greater relihabiliy F M R

N88-10Z96# Advsory Group for Aerospace Research and
r, , eot Neuuly-Sur-Seine (Francel Guidance and Control NBS-10800# Deutsche Forschungs- und Versuchsastalt fuer
Pjct'I Lull- und Raumfal .I Wesseling (Germany, F R I inst for Flight
FAULT TOLERANT CONSIDERATIONS AND METHODS FOR System Dynamics
GUIDANCE AND CONTROL SYSTEMS ROBUST CONTROL SYSTEM DESIGN
f5N51, PE:EGRIN (Ofice Natuonal d Eludes et de Recherches J ACKERMANN In ACARD. Fault Tolerant Considerations and
ci, isTa les. Toulouse France ) Jul 1987 f36 p Methods for Guidance and Control Systems 14 p (SEE N88 -073f
-AIf¢t "'; 289 ISBN-q2.835-15 4 4. AD A188622) Avail 02.08 Jul 1987 Previous y announced as N81 11275

tiS HC AO7rMF A01 IAGARD-AG 289) Avail NTIS HC A07uMF ',Of
Ths AGARDograph prepared and edited at the request Of the The snort period longitudinal mode of an F - E wirh horizontal

uiaunce and Cont-o Panel of AGARI, sents a description of canards Is unstable in subsonic flight and nsulficaertly damped at
-'eont Trerds and devoerpments un analysis and design methods sunersonic eneud Th. control system has to provide acceptable
ie, !ut-l tolerant gudance and contrui systems architectures The cole locaton, according to military specifications for fhying T,alfes

ci u. -mv and ssue-s anvocafteo with these archrecutos, including A fixed gain controller using three paralleled gyros is designed
S itrwac and sitwre aspects are addressed exploring the such that the pole region requirements n four typical flight

"ar, t-Ii,,rPrnts under way in RATe in the following areas conditions are robust with respect to a gain reduction to one

ita tault toleranl archrectues, advances in aneiytical fault third Thus nothing bad happens immediately when one or two
'I. rt:r, methods design coisideratons and methods, and gyros rail F: lure detection aru odundanc management may b,
an i-:,-,, i tesing mriethods Fo ,ndividijal tltes, see NR8 10797 performed at a higher hierarchical - .el, and not nec essa 1y
r r; u,,- hl8 i0805 extremely fast The use of acceierorr.ters or air daa sensors for

angle of attack or dynamic pressure iv totally avoded in this (roncepr
and ho gain schfeduling is necessary The design Ic I-)Iuiness
with resoect to different flight conditions and Sensc- I -ri-s is
performed fy a novel parameter spa i design ol -huff-cr

N68-10798.'.u aJ,rti-a Aeronautics arid Space Administrutlon N88-10801*# National Aeronautc: and nna Adrm,nistraron
LI -,. -- -v-airerer Hampton ',A Langley Research Center Hampton, VA
THE APPLICATION OF EMULATION TECHNIQUES IN THE RELIABILITY MODELING OF FAULT-TOLERANT COMPUTER
ANALYSIS OF HIGHLY RELIABLE, GUIDANCE AND CONTROL BASED SYSTEMS
COMPUTER SYSTEMS SALVATORE 3 RAVUSO /n AGARD vIl Toreran
SI uy-t F MJGNFALIi r in AGARD fault Tolerant Considerati ns arid Methods for ,luitancu arid Control Systems

' -wi -rsa j ,oI M Is r
l 

f G dance and ,(ntrol Systems II p (SEE I '13-10i96 02-08) Jul 1987
Sfein I r fi6 li t.1 Oi l 11."- IAGARD AG-289) Avail NTiS HC A07/MF A0i1 JSCi ?1C

,',iARl
) 

Ar ,"q Avai NfI Wi Alu Ide Af1 CSCI 01C Digital fault-tolerant conipufer based systems have become
, h a volulr e!- a dIfuity that aciss cominmonplace minitary and commercial avionics These systems

, - I'n u'v-us ,f Ih' -ri ah11y -I ' iai a d u n nrir coroputeir hold hv, promrise of increased availability, reliability and
.- 1 1orer a nrirall D cb'le re is the maintarability over conventional anarog-based systems hroven
f irt itj~t, I- -pi f11 isimales obtai-nr by the appl-ation of replicated digita computers arranged in

Oia ,ify,,,i, T. Jtt,,ty , an unauoidable raull tolerant conhiguahons Three tightly coupled factors of
i ,,,nut--ir, 4 tAe Ionwr

1  
I a iar, ty se-iremenf so paramount importance ultimately determinrig the viability of these

, ant, I a us t v ii n I , se vale -v il us e te-ting r flauble systems, are ibihlty safety, and profitability Reliability, the major
-; , - st, deiu helerhnl , at cliohanle t) SysfIti driver afh-ct

, 
virtually every aspect of design packagiqn. and held

+ inred h orole lu- Ii law il III,, I'slrm uidiertiOn r)peratlons and evenIually prndur vs profit for commercial
ir i I ,-a(, anal, r ndolnI illruli.v wlrse pro-s,- i applications or il-ased national secuity However hr t e:zatrol

-litbii 
-~ vi .,,i ti - 1 .slf i .?iOs l picrnahirti ; Itheir ,frit of d flal r, t ihtitt r systems makes it,, task )I produrind - ,d n

I'lle, is,- , win nqu-,ifl ifivi Iltirrq lyIt r-v 1 reliability aysm . o a lornirabie Ocie for lh, irihabillt, rnigneer
--sat rat, Ic- a15 , Ihe parmurtr -ul r,,4i Id for fe' .1,alrNr ,m The roo - 1,, i lhien irs N, the idltal lomitln,tr unique
T, uh th f1- is--l 0 1nally s. iiras rpt -o tsr,- adaptairhrty o -handnq reqiurrirnieor, c-rnpulatonal power and
• tI , I .... u1' I a r i ti I tter atnirty to r tit lso

t
f uff, -0rrly Adtr,-ese t - e- a,,, ihi, ruanc sO
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08 AIRCRAFT STABILITY AND CONTROLtmodeling the reliability of systems with large state sizes. ,n the reliability evaluation, taking into consideration the complexity 0f
Markov sense. which result trom Systems based on replicated the tunctions and the mission profile. Author
redcundlant hardware and to discuss the modeling of factors which
can reduce rel.abdity -sithout concomitant depletion oi hardware. NO8-10805*# National Aeronautics and Space Administration
Advancem tauit-handling models are dlescibed and methcd. of AmsRsearch Cenier Moffett 'leo. CA.
adqlinngad ui aa mete. toAtes tmdes r FLIGHT TEST OF A RESIDENT BACKUP SOFTWARE SYSTEM

A DWAIN A. DEETS, WILTON P. LOCK, and VINCENT A. MEGNA

(Draper, Charles Stark Lab.. Inc., Cambridge Mass) IrI AGARO,
NOS-10802# Centre d'Etudes et de Recherches. Toulouse Fault Tolerant Considerations and Methods for Guidance and
(Fiance). Control Systems 9 p (SEE N88-10796 02-08) Jul. 1987 Previously
ISAURE: INTEGRATION OF SECURITY AND FAULT announced as N86-19325
TOLERANCE IN THE REALITE 2000 SYSTEM (AGARD-AG-289) Avail: NTIS HC A07/MF A01
J. CAZIN and P. MICHEL /itAGARD. Fault Tolerant Considerations A new fault-tolerant system software concept employing the
and Methods for iuidancc and Control Systems 12 p (SEE primary digital computers as host for the backup software portion
N88-10796 02-08) Jul. 1987 has been implemented and flight tested in the F-8 digital fly-byuthe
(AGARD-AG-289( Avail: NTIS HC A07/MF A0l airplane. The system was implemented in such a way :hat

In the framework of the French SURF project sponsored by essentially no transients occurred in transferring from primary to
the Agence de Informatique (Aodl), the ONERA/CERT research backup software. This was accomplished without a significant
center and he ntert.,pchnique Company have developed a increase in the complexity of the backup software. The primary
fault-tolerant opiating system called ISAURE. This system includes digital system was frame synchronized, which provided several
data protection features and error recovery mechanisms. T offers advantages in implementing the resident backup software system
the sOme services as the REALITE 2000 system already available Since the time of the flight tests, two other ftight vehicle programs
on the market, It used first the Multi 2-InterEechnique have made a commitment to incorporate resident backup software
microprocessor, and later specific hardware implementing similar in nature to the system described here. Author
pIotection domains via a capability based addressing mechanism.
The collaboraton between the two systems is the result of Nb-10806# Advisory Group for Aerospace Research and
converging and complementary aims: the Intertechnique Company Development Neuilly-Sur-Seine (France). Guidance and Controi
is trying to set up a future range of systems and machines oriented ial,
towards management applications and offering a high level of PanWel. Bn CNting AND RTFICIA
functional security and the CERT/ONERA research center wishes KnOeGe BSe D CONets AND TFiCIl
to apply methodological research results and thus continue its INT E A TO to ND

research work in the context of practical applications -his CONTROL

collaboration is one of the more original features of the project Aug. 1987 145 p Lectures held in Ottawa Ontario. 10-11

and it allows introduction of advanced concepts into the industrial Sep.. in Monterey, Calif.. IAr- Seop in Def , Netherlands, 12 3

sector. Author Oct.. and in Lisbon, Portugal. 1516 Oct. 1987
(AGARD-LS-E ISBN-92-83-T588-7: AD-ATI463 Ava i NTIS
HC A07/MF A0l

N88-10803# Deutsche Forschungsu and Versuchanstalt uer The intent of this lecture series was to clearly describe what
Lull. und Raumfahrt. Brunswick (Germany. P.R.). Inst. fuer artificial intelligence techniques mea' with respect to guidance
Fluguehrung. and control applications to offer some concpaC examples of
cOTROLSY DETE RMINI OFI BFAtU RE RS applications to the maintenance area, some more speculative
CNTROL SYSTEM allows Dntroduction OBSERVERS aaexamples of applications to actual guidance and control tasks.
NORBERT STUCKENBERA I AGARD. Fault Tolerant and a projection of possible directions for the future For individual
Considerations and Methods for Guidance and Control Systems titles, see N88-10807 through Nglj.'0617.
21 P (SEP N88.-10796 02-08) Jul. 1987
(AGARD-AG.289( Anci: NTIS HC A07/MF Aol

A failure detection scheme for sensors of a flight control system N88-10807# General Electnc Co.. Binghamton. NY
is presentg. Based on analytic redundancy a duplex sensor OVERVIEW OF AGARD LECTURE SERIES NO. 155:
configuration provides the fail-operational capability of a KNOWLEDGE-BASED CONCEPTS AND ARTIFICIAL
conventional triplex sensor system. This i achieved by using INTELLIGENCE APPLICATIONS TO GUIDANCE AND
deterministic observers. It is shown how the performance of the CONTROL
failure detection scheme can be determined With respect to this RIHCARD PAUL UINLIVAN in AGARD Knowledge Bused
performance critn on the optimal observer is derived. Thus, the Concepts and Artificial Intelligence. Applications to Guidance and
performance eventually achievable by an optimal failure detection Confrol 5 p (SEE NB-10806 0!e-08) Aug. 1987
scheme is also dscibed The operational feasibility of the (AGARD-LS-1A5. Avail: NTIS HC A07/MF A0l
proposed concept is demonstrated by flight test results. Author Several lectures dealing with artificial intelligence (All

applications to guidance and control are reviewed The use of

N88-1011104# Verilog SA., Toulouse France). various forms of Al techniques to help solve problems related t

ASSESSMENT OF SOFTWARE QUALITY FOR THE AIRBUS guidance and control is a subject of current interest, most. if not

A310 AUTOMATIC PILOT all. of the practical applications utilize knowledge based techniques

R TROY and C BALUTEAU (Societe Frncaise d'Equpements to create so-called expert systems. These systems seem to offer

pour la Navigation Aerienne. Velizy-Viilac ublay, France I In solutions to guidance and control problems that have a large

AGARD. Fault Tolerant Considerations and Methods for Guidance ludgment content Examples include maintenance systems and

and Control Syste, 13 p (SEE N88-10796 02-08) Jul 1987 real-time, decision aiding systems Author

(AGARD-AG-289) Avail: NTIS HC A07/MF A0l
As for the whole of the Automatic Flight Control System, the N88-10808# Analytic Sciences Corp. Readm.. MA

automatic pilL. for the AIRBUS is a computer system with high Al EXPERT SYSTEM TECHNOLOGY ISSUES FOR GUIDANCE
criticality. In order to assess the quality of th

,
, software, a number AND CONTROL APPLICATIONS

of observations and measurements have been made during the HAROLD L. JONES In AGARD, Knowledge Based Concepts
development cycle A general method of evaluation, the data and Artificial Intelligence Applications t, Guidance and Control 7
collected, anI some evaluation results are presented The aims p (SEE N88-10806 02-08) Aug. "987
of this analysis are to assess the impact of development constraints (AGARD-LS-t551 Avail NTIS H(, AO7/MF A0l
on the quality o! Ifhe product and to evaluate its operational A perspectie is provided on a set of technical issues, which.
rehiabiiity The results show conditions in which software may be if unresolved, could limit the capability and acceptability of expert
adversely affec:ed by modifications In pnrticular, they make it systems decision making tMr avionics aprlications Examples from
possible to appreciate the quality of design, the effectiveness of ongoing expert system development programs are used to illustrte
the verfication and validation processes, and the flexibility of the likely architectures and applications of future intelligent avionics

of software 'he last part qives a tentative example of operational systems Author
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N88-10811# Lear Siegler, Inc, Grand Rapids, Mr. Instrument NS8-11660# Societe Nationale Irdustrelle Aerospatrale.
and Avionic Systems Div Margnane (France) Dept. Systemes.
APPLICATION OF KNOWLEDGE-BASED TECHNIQUES TO ACTIVE CONTROL OF HELICOPTER VIBRATION USING
AIRCRAFT TRAJECTORY GENERATION AND CONTROL MULTILOOP SELF-ADAPTIVE CONTROL ICONTROLE ACTIF
MICHAEL W, BIRD In AGARD, Knowledge Based Concepts and DES VIBRATIONS SUR HELICOPTERE PAR COMMANDS
Artificial Intelligence Applications to Guidance and Control 12 p MULTICYCLIQUES AUTOADAPTATIVES
(SEE N88-T0806 02-08) Aug. 1987 MARC ACHACHE and MICHEL GAUVRIT (Centre d'Etudes el de
(Co-ntract F33615-84-C-3626) Recherches, Toulouse, France ) In AGARD, Rotorcraft Design
(AGARD.LS-155) Ava: NTIS HC AO7/MF AOl for Operations 10 p (SEE N8811649 03-05) Jun. 1987 In

A concept that embeds the knowledge-based techniques in a FRENCH
trajectory generation and control system is defined. The control (AGARD-CP-423) Avail: NTIS HC A14/MF A01
system is called the Unified Trajectory Control System (UTCS). A research program for the development of a tial multiloop
The objective of the system is to aid the pilot when operating in control system for the active control of vibration in the main rotor
the intense threat environment projected for the 1990's The UTCS blades is described. This experimentation consists of the most
has an architecture of independent trajectory generation elements significant applications of self-adaptive control techniques to
whose operations are integrated by a knowledge-based system, stochastic systems, The various stages of the program are
This artificial intelligence (All technique utilizes production rules, discussed, from the research on the theoretical model of helicopter
an interface engine, and a system of frames for communicating vibratory behavior under the influence of multiloop control, to the
with the trajectory generation elements. Author system flight tests M G.

N88-11661# Textron Bell Helicopter. Fort Worth, TX.
CONTROLLING THE DYNAMIC ENVIRONMENT DURING NOE
FLIGHT
DENNIS R HALWES In AGARD, Rotorcrah Design for Operations
9 p (SEE N88-t11649 03-Oh) Jun 1987

N8-1 1653# National Aeronautical Establishment, Ottawa (AGARD-CP-423 Avail: NTIS NC A14M A0l

(Ontario) Flight Research Lab (GR-P43 - vi:NI CA4M 0

INVESTIGATION OF VERTICAL AXIS HANDLING QUALITIES A six degree-of -reedom isolation system using six Liquid Inertia
Vibration Eliminator (LIVE) units was installed on a Bell 206LM

FOR HELICOPTER HOVER AND NOE FLIGHT helicopter The system was named the Total Rotor Isolation System
S W BAILLIE and J. M. MORGAN In AGARD, Rotorcraht Design (TRIS) To determine the effectiveness of TRIS in reducing
for Operations 9 p (SEE N88-11649 03-05) Jun. 1987 Sponsored helicopter vibrations, a flight verification study was conducted The
n part by Canadian Department of National Defense objective was to demonstrate a 90 percent (or greater) isolation
(AGARD CP-423) Avail NTIS HC A14/MF A01 of the helicopter fuselage from the main rotor forces and moments

The preliminary results of two in-flight simulation programs on transmitted at the blade passagj frequency, which is 4.' v in the
vertical axis rotorcraft handling qualities are presented. The case of the Bell 206LM The flight test data indicate rhar the
parameters mvsilgated in these studies were heave damping, objectives were surpassed Author
thrust to weight ratio iTWI, and a number of dynanic engine
governor/rotor system models Flight tasks include hover, hover N88-11662# Westland Helicopters Ltd. Yeovil (England)
maneuven 9 and nap at the Earth (NOE) flight. Evaluation of MINIMISATION OF HELICOPTER VIBRATION THROUGH
rtne heave damping. thrust to weight ratio configurations provides ACTIVE CONTROL OF STRUCTURAL RESPONSE
he basis to suggest Level 1 Z sub w and TrW boundary values S P. KING and A E. STAPLE In AGARO, Rotorcraft Design for
of 0 20 sec -1 and 1 08 respectively. These boundaries are Operations 13 p (SEE N88-11649 03-05) Jun. 1987
compared with other relevant work on tle topic The engine (AGARD-CP-423) Avail: NTIS HC At4/MF A01
qoverior'rrotor system evaluation results tend to disagree with The current demonstration and installation of the Active Control
hrnding qualities prediclions based on a vertical velocity shaping StrucluraJ Response (ACSR) technique on a Westland 30 helicopter
parameter Author is discussed. The technique employs high frequency force actuation

within the helicopter's structure These forces are superposed onto
the dominant vibratory forces in an active manner such that the
fuselage vibratory response is minimized The basic control
philosophy for ACSR is described and the curren experimenta,
demonstration status is detailed Autnor

N88-11654# Systems Technology. Inc., Hawthorne. CA.
HANDLING QUALITIES CRITERION FOR VERY LOW VISIBILITY N88-13247# Waterloo Univ (Ontario) Dept of Applied
ROTORCRAFT Mathematics and Mechanical Engineering
ROGER H HOH In AGARD. Rotorcraft Design for Operations DYNAMIC STABILITY OF HYPERSONIC CONICAL LIFTING
15 p (SEE N88-11649 03-05) Jun 1987 VEHICLES ACCORDING TO NEWTON-BUSEMANN THEORY
IAGARD-CP-423) Avaid NTIS HC A14/MF A01 W. H HUI and H. J VANROESSEL (University of Western Ontario.

This research was conducted to investigvfe the required visual London ) In AGARD, Aerodynamics of Hypersonic Lifting Veticles
caring for low speed und hover and to determine if an increase 13 p (SEE N88-13219 05-02) Nov. 1987 Sponsored in part by
in stabilization can effectively be used to compensate for the loss Natural Science and Engineering Research Council of Canada
ot essential cues. Two flight :est experiments were conducted tAGARD-CP-428) Avail: NTIS HC A24/MF A01
using a conventor,3l helicopter and a variable stability helocopter, A theory is given of the aerodynamic stability of hypersonic
as well as electronically fogged lenses and night vision goggles conical lifting vehicles performing smai, amplitude pitching motion
with dayligrt training iliters The primary conclusion regarding the about its steady flight by using the Newton-Busemann flow theory,
essential cues for hover was that fine grained texture is more which is the rational limit of gas dynamic theory as the flight
important than large discrete objects or field of view The use of Mach number M sub infinity yields infinite and the ratio of specific
attitude command augmentation was found to be effective as a heat Gamma yields 1. This is done by reformulating the gas dynamic
way to make up for display deficiencies However. a corresponding equations using a set of material functions as independent variables
loss of agility occurred with the tested attitude command/ attitude which are a generalization of the stream functions of steady flow
hold systen. resulring in unfavorable pilot comments Hence. he In this formulation, calculaons of the steady flow fheld are reduced
favorable control display tradeoff must be interpreted in the context to finding the geodesics of the body surface The unsteady flow
tnat the best solution would be to improve the vision aid Such field is then calculated by perturbation o the steady flow in
an Improvement would require an increase in the visual particular, for conical shapes it requires utily numerical quadrature
microtexture, an advancemen .,splay technology that is unlikely The theory is applied to conical wings of parabolic 'oss-secton
to be available in the foresee. , future Therefore, a criterion The dependence of the stiffness and damping-in-pitch derivative
was developed to systematically evaluate display quality and the on the angle of attack, the slenderness, concavity and convexity
associateu upgrade in required stabilzation as a function of of the wing, and on the pivot axis position is studied
mcreasmgvn. degraded visual cues Author systematically Author
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N88-13319"# National Aeronautics and Space Administration. This technique allows one to separate the big expensive
Langley Research Center. Hampton, VA. computation of finite element resolutions and theoretical
NONLINEAR LIFT CONTROL AT HIGH SPEED AND HIGH aerodynamic analysis from aeroelastic coupling and flight maneuver
ANGLE OF ATTACK USING VORTEX FLOW TECHNOLOGY computation. Author
JOHN E. LAMAR In AGARD Special Course on Fundamentals
of Fighter Aircraft Design 23 p (SEE N88-13315 05-05) Oct.
1987 Previously announced in IAA as A86-37050 N88-13351# Messerschmitt-Boelkow-Blohm G mb H.. Munich
(AGARD-R-740) Avail: NTIS HC A13/MF A01 CSCL o0C (Germany. F.R). Helicopte and Airplane Div.

Nonlinear lift contro at subsonic. transonic and low supersoiic STATIC AEROFLASTIC CONSIDERATIONS IN THE DEFINITION
speeds owes its origin to the separated but organized vortical OF DESIGN LOADS FOR FIGHTER AIRPLANES
flows interacting with the wing upper surface. Since most of this G. SCHMIDINGER and 0. SENSBURG In AGARD Static
flow originates near the wing or control-surface leading edge, a Aeroelastic Effects on High Performance Aircraft 20 p (SEE
variety of devices has been studied expenmentally which interact N88-T3348 05-08) Jul t987
with and;or control this flow in order to gain a beneficial effect. (AGARD-OP-403) Avail: NTIS HC A09/MF A01
The benefits (effects) onginally studied were associated only with Some typical effects of static aeroelastic correction factors in
lift enhancement. Whereas. now the studied benefits encompass context with the definition of structural design loads ior major
performance increase. attention to changes in trimmed conditions aircraft components are discussed. The influences on response
and longitudinal stability, improvements in lateral stability, and the parameters and resulting design loads are shown as well as the
attendant vanation with changing Mach number. For those devices aeroelastic optimization of trailing edge flaps with respect to
that can be theoreticzly modeled, state-of-the-art computer codes geometry, efficiency, and hingemoments Author
have been used for device design and/or analysis. Comparisons
at design and off-design conditions are presented for validation
purposes Author NS-13352# Aerospatiale Usines de Toulouse (France).

AEROELASTIC ANALYSIS OF MODERN TRANSPORT
N88-13348# Advisory Group for Aerospace Research and AIRCRAFT [ANALYSE AEROELASTIQUE DES AVIONS
Development, Neuilly.Sur-Seine (France) Structures and Materials MODERNES DE TRANSPORT)
Panel. J. ROUSTAN and M CURBILLON In AGARD Static Aeroelastic
STATIC AEROELASTIC EFFECTS ON HIGH PERFORMANCE Effects on High Performance Aircraft 27 p (SEE N88.t3348
AIRCRAFT 05-08) Jul. 1987 In FRENCH: ENGLISH summary
Jul. 1987 186 p In ENGLISH and FRENCH Meeting held in (AGARD-CP-403) Avail: NTIS HC A09/MF AOl
Athens. Greece, 28 Sep - 3 Oct 1986 Static aeroelastic phenomena play a very important role in
(AGARD-CP-403; IS8N-92-835-0424-0; AD-A199170) Avail: modern transport aircraft with regard to both handling qualities
NTIS HC A09/MF A0l and loads applied to the structure Aerospatiale's method for taking

Modern high performance aircraft designs tend to employ very these effects into consideration and calculating them is
thin airfoils having a degree and a distribution of stiffness far presented. Autho
from the ideal in consequence, there is a loss of control
effecti eness and maneuverability. Moreover, the introduction of
the highly forward swept wing planform poses a static aeroelastic N88-13353# National Aeronautics and Space Administration
effect o' fundamental importance; these effects are felt at model Langley Research Center, Hampton. VA.
as well as at full scale. The meeting was organized not only to STATIC AEROELASTIC EFFECTS ON THE FLUTTER OF A
review irstances of these problems but to see how successfully SUPERCRITICAL WING
modern ti.,ils for structural and aeroelastic analysis can be applied E. CARSON YATES. JR. and LI CHUAN CHU (PRC Kentron. Inc.
For individua titles, see N88-13349 through N88-13358 Hampton, Va.) In AGARD Static Aeroelastic Effects on High

Performance Aircraft 14 p (SEE N88-13348 05-08) Jul 1987
N88-13349# British Aerospace Public Ltd. Co.. Preston (England) (AGARD-CP-403) Avail: NTIS HC A09/MF A0 CSCL 01C
Military Aircraft Div. The results of an effort to calculate the effects of angle ot
EXAMPLES OF STATIC AEROELASTIC EFFECTS ON PRESENT attack and the associated aeroelastic deformation on the flutter
COMBAT AIRCRAFT PROJECTS of a highly swept supercrilical wing by use of the modified strip
W E. SHARPE and J. B NEWTON In AGARD Static Aeroelastic analysis employed in previous studies of this wing are discussed
Effects on High Ferformance Aircraft 10 p (SEE N88-13348 The spanwise distributions of steady state section lit-curve slope
05-08) Jul 1987 and aerodynamic center required as input for these calculations
(AGARD-CP-403) Avail: NTIS HC A09/MF A01 were obtained from static aeroelastic calculations for the wing by

The results of static aeroelastic calculations for a recent use of the FL022 transonic code and a7. assumed dynamic
canard/cranked delta fighter project, in which a complete aircraft pressure The process is iterative so that flutter can be obtained
aerodynamic and structural model is used to demonstrate fully at the same dynamic pressure as that used to calculate the
interacted free aircraft deflection modes and resulting stability statstically deformed shape and loading about which the flutter
effects are described. The significance of these results are oscillation occurs (matched conditions) The results of this
illustrated by comparison with corresponding fixed root calculations, investigation show that the unconventional backward turn of the
thereby indicating a requirement for complete aircraft aeroelasfic transonic dip in the experimental flutter boundary for angles of
modeling at the earliest possible stage in project design. Aeroelastic attack greater than zero is caused by vacations in mass ratio and
modeling of external stores in the context of store/aircraft not by static aeroelastic deformation, although inclusion of the
integration is also discussed Finally, the correlation of high speed latter appears to be required for quantitative accuracy in the
wind tunnel results for aeroelastic distortion is addressed, indicating calculations. Author
those parameters which are likely to be significantly affected

Author
N88-13354# Royal Aircraft Establishment. Farnborough

N88-13350# Avions Marcel Dassault-Breguet Aviation, (England).
Saint-Cloud (France) WING DIVERGENCE OF TRIMMEr
TRENDS IN AEROELASTIC ANALYSIS OF COMBAT LL T. NIBLETT /n AGARD .,stic Effects on High
AIRCRAFT Performance Aircraft 9 p (SE 05-08) Jul 1987
C PETIAU and S BRUN In AGARD Static Aeroelastic Effects (AGARD-CP-403) Avail NTIS HC Aui/MF A01
on High Performance Aircraft 21; p (SEE N88-13348 05-08) Jul By means of a simple theoretical model it ,v shown that wing
1987 divergence of a free aircraft can be defined using the static case
(AGARD-CP-403) Avail. NTIS HC A09/MF A01 of trimmed level flight The same model also shows that the control

After recalling the general principles of aeroelastic coupling angle per g goes to zero at a speed near the fixed root divergence
with structural finite element analysis, the simplifying assumptions speed and that there is a large change in the spanwise distribution
of static aeroelasticity are explained The technique of load basis of airload in going fli{. a low wne to speeds above that of
used in a general aircraft structural analysis program is discussed fixed root divergence Author
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N88-13355# Advisory Group for Aerospace Research and airfoil trailing edge deformation by tracking the position of light
Development, Neuily-Sur-Seine (France). Helicopter and Airplane sources with ar, optical detector is presented. Finally, a technique
Div. for computing the strain from stress measurements is presented

THE USE OF AEROELASTIC WIND TUNNEL MODELS TO and demonstrated with a helicopter rotor blade model Author
PROVE STRUCTURAL DESIGN
H HOENLINGER. J. SCHWEIGER, and G SCHEWE (Deutsche
Forschungs- und Versuchsanstalt fuer Luft- und Raumfahrt, N88-17682# Advisory Group for Aerospace Research and

Goettingen. West Germany ) In its Static Aeroelastic Effects on Decdclopment, Neuilly-Sur-Seine (France). Structures and Materials

High Performance Aircraft 1r p (SEE N88-13348 05-08) Jul. Panel.

1987 EFFECTIVENESS OF VARIOUS CONTROL SURFACES IN
(AGARD-CP-403) Avail: NTIS HC A09/MF A01 QUASI-STEADY AND UNSTEADY CONDITIONS [EFFICACITE

In a wind tunnel study on an aeroelastic carbon fiber fin/rudder DE DIFFERENTES SURFACES DE CONTROLE EN QUASI-

model, it is demonstrated how structural design methods can be STATIONNAIRE ET INSATIONNAIRE]

checked by experiment beginning in an early stage of the design. R. DESTUYNDER, R. BARREAU, and G. ANDERS Apr. 1986

Emphasis was put on the static aeroelastic investigations, which 26 p In FRENCH Presented at the 6th Meeting of the AGARD

became more important in high performance A/C design. Transonic Panel on Structures and Materials. Oberammergau. Fed Republic

measurements with a rigid balance based on an opto-electronic of Germany, 813 Sep 1985

deformation measurement method were performed. An attempt (AGARD-R-735. ISBN-92-835-2113-7) Avail: NTIS HC A03/MF

was made to evaluate rudder efficiencies from these aeroelastic A01

measuremets. A nonlinear behavior of the rudder based on This report describes tests conducted in the Modane St wind

geometrical coupling with the fin box played an important role in tunnel in France to measure the unsteady pressures on two

the test evaluation. Author half-models of wings outfitted with different control surfaces such
as vented or unented spoilers, flaperons. or ailerons. One of the

N88-13356'# National Aeronautics and Space Administration wings, the ZKP model, is a standard configuration from the

Langley Research Center, Hampton. VA. AGARD-SMP Compendium of Unsteady Pressure Measurements

PREDICTION OF WING AEROELASTIC EFFECTS ON AIRCRAFT The movements imposed on the control surfaces could be white

LIFE AND PITCHING MOMENT CHARACTERISTICS noise, fixed frequency harmonics and ramp. A data base with a

CLINTON V. ECKSTROM In AGARD Static Aeroelastic Effects very wide range of parameters such as the Mach number, wing

on High Performance Aircraft 17 p (SEE N88-13348 05-08) Jul. angle of attack, deflection of one or several control surfaces, and

1987 Previously announced as N87-15975 reduced frequencies was obtained. One of the goals was to

(AGARD-CP-403) Avail: NTIS HC A09/MF A01 CSCL 01C establish semiempirical corrections to the theory of the efficiency

The distribution of flight loads on an aircraft structure determine of control surfaces. All of the exciation tests and acquisition and

the lift and pitching moment characteristics of the aircraft. When Processing work for the unsteady condition studies were completely

the load distribution changes due to the aeroelastic response of directed by a computer Author

the structure. the lift and pitching moment characteristics also
change An estimate of the effect of aeroelasticity on stability and
control characteristics is often required for the development of N8819458y Aeritalia S p.A- Turin (Italy) Combat Aircraft

aircraft simulation models of evaluation of flight characteristics Group.

This presentation outlines a procedure for incorporating calculated INTERACTION BETWEEN STRUCTURAL CONSIDERATIONS

inear aeroelastic effects into measured nonlinear lift and pitching AND SYSTEM DESIGN IN ADVANCED FLIGHT CONTROLS

moment data from wind tunnel tests. Results are presented which FRANCO SELLA and GERHART SCHMIDINGER (Messerschmi!t-

were obtained from applying this procedure to data for an aircraft Ooelkow-Blohm G m.b.H . Munich. West Germany) In AGARD

with a very flexible transport type research wing. The procedure Workshop on Design Loads for Advanced Fighlers 19 p iSEE N88

described is generally applicable to all types of aircraft. Author 19449 12-05) Feb 1988
(AGARD-R-746) Avail: NTIS HC A07/MF A01

N88-13357# Office National d'Eludes el de Recherches Integration of various disciplines is the key to the optimization
Aerospatliales, Paris (France). of a design. In particular, the integration of the flight control system
INFLUENCE OF THE STATIC DEFORMATION ON A WING IN IFCS) and the structural design is feasible within the currently
THE UNSTEADY AERODYNAMIC available technology to an extent which offers significant gains

R DESTUYNDER In AGARD Static Aeroelastic Effects on High over traditional approaches to the design Realization of carefree

Performance Aircraft 8 p (SEE N88-13348 05-08) Jul. 1987 handling features by the FCS allows the application of structural

Previously announced in IAA as A87-21054 design criteria for safe structural design with significant reductions

(AGARD-CP-403) Avail: NTIS HC A09/MF A0l in structural mass. The impact on the FCS design is an increase

Wind tunnel tests and related calculations were carried out to in the complexity of both hardware and software and an increase

study the influence of static deformation culu to steady loads on in the certification effort Author
the flutter phenomenon experienced b, modern civil aircraft
Consideration is also given to the nonlinearity of unsteady forces

on an engine as a function of global incidence. It is found that N88-19558# Societe de Fabication d'Instruments de Mesure.
the spanwise untwisfing effect associated with positive incidences Massy (France)
increases the flutter limits for given Mach number and dynamic AUTOMATIC FLIGHT CONTROL SYSTEM FOR MODERN

pressure values. Author HELICOPTERS [SYSTEME DE CONTROLE AUTOMATIGUE DU
VOL POUR HELICOPTERES MODERNES I

N88-13358# Office National d'Etudes et de Recherches J. C DERRIEN and P. CAUVY (Societe Nationale Industriclle
Aerospatiales. Paris (France) Aerospatiale. Paris, France I In AGARD Advances in Air-Launched
MEASUREMENT OF MODEL DEFORMATION IN WIND Weapon Guidance and Control 16 p (SEE N88-19553 12-15) Dec

TUNNELS 1987 In FRENCH
M CHARPIN. C ARMAND. and R. SELVAGGINI In AGARD )AGARD-CP-431) Avail: NTIS HC A06/MF A01

Static Aeroelastic Effects on High Penurmance Aircraft 20 p (SEE Research efforts in the design and development of automatic
N88-13348 05-08) Jul 1987 In FRENCH: ENGLISH summary pilot systems are described. Missiun operational aspects relative
Original language document was announced in IAA as A87-36943 to helicopters in general are addressed An attempt is made to
IAGARD-.,P.a03) Avail. NTIS HC A09/MF A01 determine the relations between operational requirements and the

Various techniques used at ONERA for the wind funnel automatic flight control system The theoretical aspects which are

measurement of the deformation of models undergoing necessary for the deteiminaon of the best control laws compatible
aerodynamic and body loading are presented Photography of with the operational requirements of specific helicopter missions
reflectirg targers is used to measure trailing edge deformation are stressed The AP 165 autonatic flight control system and the
Global torsion measurement of a wing at its wing tip is performed various control functions for land, air and marine missions are

by the torsiometer measurement of the angle between the incident described The application of this system to the Super Puma MK2
and reflected laser beam An exan pie of te determination of is discussed Author
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N88-2971# Federal Aviation Administration, Seattle. WA. made of a recent study in which amazingly simple and universal
CURRENT AND PROPOSED GUST CRITERIA AND ANALYSIS gust response equations were discovered; the possible impact of
METHODS: AN FAA OVERVIEW these new findings on future work is indicated. Author
TERENCE J. BARNES In AGARD, The Flight of Flexible Aircraft
in Turbulence: State-of-the-Art in the Descrptior. and Modelling of N88-29729# Taylor (J.), Camberley (England).
Atmospheric Turbulence 12 p (SEE N88-2971, 24-0) Jun. AN INTERIM COMPARISON OF OPERATIONAL CG RECORDS
1988 IN TURBULENCE ON SMALL AND LARGE CIVIL AIRCRAFT
IAGARD-R-734-ADD) Avail: NTIS HC A06/MF A01 J. TAYLOR In AGARD, The Flighi . i Flexible Aircraft in

An FAA overviow s presented of the gust criteria at aralys;s Turbulence: State-of-theArt in the Description and Modelling of
method; j sd in he varions types of flight vehicle corti';ed under Atmospheric Turbulence 31 p (SEE N88-29725 24-01) Dec
the FAR's. The current criteria for small airplanes, transports, and 1987
rotorcraft are presented, and the status of proposed criteria for (AGARD-R-734) Avail: NTIS HC A09/MF A01
the tilt rotor and aerospace plane are discussed. The amount of Operational records have been made on British Airways aircraft
discussion on each class of vehicle depends on the significance for the period May 1980 to April 1985 and analyzed for about
of gust loads as design loads, and the importance of vehicle 650,000 flying hours on a number of different aircraft. Records
flexibility. Transport airplane gust criteria development, usage and were obtained for about 2 to 5 minutes of Normal Acceleration,
problems are discussed in some detail. Analysis methods used by Pitch Angle. Roll Angle, Height and Speed for nearly all those
U.S. industry are covered in a separate paper. Author events which had an increment of t g or more. i.e., 29 events;

similar records wem also obtained for nearly all those events with
N8-29723# Office National d'Etudes et de Recherches an increment of 0.5 g or more with flaps down from May 1983 to
Aeronautiques, Paris (France). April 1985, i.e., 33 events. An interim examination of the 29 events
MEASURED AND PREDICTED RESPONSES OF THE NORD 260 with 1 excess g or more, with special emphasis on 15 of them is

AIRCRAFT TO THE LOW ALTITUDE ATMOSPHERIC made and includes an estimate of the interaction of maneuvers
TURBULENCE and turbulence, an estimate of the frequency of occurrence of
J L. MEURZEC and F. POIRION In AGARD, The Flight of high level intensity gusts and of the equiprobability relationships

Flexible Aircraft in Turbulence: State-of-the-Art in the Description of gust levels and gust gradients. It was found that gusts that are

and Modelling of Atmospheric Turbulence 9 p (SEE N88-29717 important for a particular response are strongly dependent on the
24-01) Jun 1988 rate per sub 5 km at which zero crossings occur in that response.
(AGARD-R-734-ADD) Avail: NTIS HC A06/MF A01 Using the Kaynes formula for gust intensity and zero crossings, it

A progrem of in situ measures using the Nord 260 plane was found that the equiprobability relationships of gust levels and
equipped with accelerometers has allowed the comparison of the gust gradients can be represented on a single diagram for all
predicted and the measured responses of the flexible aircraft to sizes of aircraft at all heights. Author
turbulence. It shows a good agreement between the two sets of
results and it emphasizes the better modeling of the turbulence N88-29732# British Aerospace Aircraft Group, Weybridge
using the isotropic model rather than the cylindrical one. Author (England). Military Aircraft Div.

RE-ASSESSMENT OF GUST STATISTICS USING CAADRP
N88-29724# Civil Aviation Authority. Redhill (England). DATA
Airworthiness Div B. W. PAYNE, A. E. DUOMAN, and K. C. GRIFFITHS in AGARD,
A REVIEW OF MEASURED GUST RESPONSES IN THE LIGHT The Flight of Flexible Aircraft in Turbulence: State-of-the-Art in
OF MODERN ANALYSIS METHODS the Description and Modelling of Atmospheric Turbulence 22 p
V CARD /n AGARD. The Flight of Flexible Aircraft in Turbulence: (SEE N88-29725 24-01) Dec. 1987
State-of-the-Art in the Description and Modelling of Atmospheric (AGARD-R-734) Avail: NTIS HC A09/MF A01
Turbulence 14 p (SEE N88-29717 24-01) Jun. 1968 The measured incremental c.g. acceleratons of the BAC 1.11
(AGARD-R-734-ADD) Avail: NTIS HC A06/MF A01 operating on scheduled flights are compared with the equivalent

In the past simplified models of aircraft used to assess theoretical predictions in a gust environment. Some of the results
operational gust statistics have led to conservative estimates of of the study are: (1) An analysis of the measured Civil Airworthiness
derved gust exceedances. Modern refinements in aircraft modeling Authority Data Recording Program data, based upon a significant
tichniques have gradually introduced conservatism in the process 58.733 flying hours, gave an incremental vertical c.g. acceleration
of calculating gust loads. Gust statistics reviewed in the light of of 1.25 g at the datum probability value of 2 x .00005 exceedances
these modern analytical methods support the CAA view that gust per hour; (2) The theoretical predictions from all the flight segments
velocities developed for use with simple rigid aircraft models are in the Mission Analysis gave an incremental c.g. acceleration of
too severe for use with a modern dynamic analysis. Even in the .238 g at the datum exceedance value; and (3) Therefore in the
light of improved safety targets, a 10 per cent reduction in design comparison between the measured and predicted analyses for a
gust velocity can be readily justified. Further reductions may be similar mission considerable differences were found ath measured
justified on the basis of mission analysis considerations, or by frequencies of exceedance of about one half those predicted using
investigation of more recent acceleration statistics collected by current airworthiness requirements. Author
the current generation of transport aircraft. In the latter case, it
will be essential to account for all relevant features of the subject N89-10048# Advisory Group for Aerospace Research and
aircraft in the derivation of gust velocities so as to obtain a true Development, Neutly-Sur-Seine (France). Guidance and Control
picture of the gust statistics. Author Panel.

GUIDANCE AND CONTROL SYSTEMS SIMULATION AND
N88-29726*# National Aeronautics and Space Administration. VALIDATION TECHNIQUES
Langley Research Center. Hampton, VA. WILLIAM P ALBRITTON. JR., ed. Amtec, Inc.. Athens, Ala.) Jul
STATUS REVIEW OF ATMOSPHERE TURBULENCE AND 1988 133 p In ENGLISH and FRENCH
AIRCRAFT RESPONSE (AGARD-AG-273; ISBN-92-835-0472-0; AD-A202493) Avail:
J C. HOUBOLT In AGARD, The Flight of Flexible Aircraft in NTIS HC A07/MF A01

Turbulence: State-of-the-Art in the Description and Modelling at This AGARDograph addresses simulation and validation
Atmosphenc Turbulence It p (SEE N88-29725 24-01) Dec techniques for guidance and control systems of tactical guided
1987 weapons. Many developments have taken place over the last few
(AGARD-R-734) Avail: NTIS HC A09/MF A01 CSCL 01C years. In particular, physical simulation using hybnd,

A brief review is rade of the understanding of aircraft encounter hardware-in-the-loop techniques has assumed much more
of atmospheric turf .ience, both from the point of view of describing importance. The chapter on digital simulation techniques provides
or modeling the turbulence and with respect to the ability to descriptions of digital simulation techniques for application to some
calculate resulting airplane loads. Some of the more recent studies of the more difficult aspects of tactical guided weapon guidance
of gust measurements and of reducing airline gust response data and control systems Concerning hardware-in-the-loop (HITL)
are discussed. Special attention is given to gust analysis simulation techniques, descnpt-,ns are provided of facility design

01 requirements as involved in airplane certification and whether there techniques for performing HITL simulation and particular information
is a need for additional or different requirements A review is on radar simulation techniques. System Simulation and Validation
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Experience presenting lessons learned type information from some the paper are to relate this classical architecture to the advancing
of the major programs are examined. The application of the requirements and the new emerging technologies and to analyze
techniques to guided weapon developments is presented. For its potentials for future developments. Author
individual titles, see N89-10049 through N89-10057.

N89-10053# Boeing Aerospace Co.. Seattle, WA.
COST EFFECTIVE SIMULATION FOR MILLIMETER WAVE
GUIDANCE SYSTEMS
VANCE H MAPLES and GEOPGE A. EASTMAN in AGARD, 09
Guidarce and Control Systems Simu:ation and Validation
Techniques 7 p (SEE N89-10048 01-08) Jul, 1988 RESEARCH AND SUPPORT FACILITIES (AIR)
(AGARD-AG-273) Avail: NTIS HC A07/MF A01

The introduction of millimeter wave (MMw) active-passive, Includes airports, hangars and runways; aircraft repair arid overhaul
air-to-surface missile seeker systems to counter the European facilities; wind tunnels; shock tubes; and aircraft engine test
armor threat has increased the need for simulators to evaluate stands.
the performance of this class of seeker. Existing simulation
techniques have not proved to be cost effective, and are generally
unable to obtain sufficient target spatial position control at millimeter N87-15985# Advisory Group for Aerospace Research and
wave frequencies to ensure high fidelity simulations. The Development, Neuitly-Sur-Seine (France. Flight Mechanics
conventional approach to simulatng a target for seeker testing is Panel.
to build a transponder which receives the transmitted signal to TECHNICAL EVALUATION REPORT ON THE FLIGHT
the seeker, delays it to represent range, modulates it to simulate MECHANICS PANEL SYMPOSIUM ON FLIGHT SIMULATION
the intended iarget signal, and retransmits it through an antenna ANTHONY M COOK (National Aeronautics and Space
array which positions the target spatially. Target modeling and Administration. Ames Research Center, Moffett Field, Calit) Oct.
position control are implemented using simulation components at 1986 14 p Symposium held in Cambridge. England. 30 Sep. -
the radar frequency A concept for target simulation for FM/WC 3 Oct. 1985
modulated radar sensors, uses the signal from the seeker (ISON-92-835-0399-6; AD-A173991; ISBN-92-835-0399-6;
transmitted to illuminate an array of target antennas. This radar AGARO-AR-234) Avail: NTIS HC A02/MF AI1
scene simulation technique provides a lower cost simulation method In recent years, important advances were made in technology
for evaluating FM/WC modulated millimeter wave seekers. This both for ground-based and in-flight simulators. There was equally
technique is equally effective for pulse modulated seeker simulation a broadening of the use of flight simulators for research,
when a millimeter wave illuminating source is added to the system. development, and training purposes. An up-to-date description of
In either case, it significantly reduces the high-costlmarginal-perfor- the state-of-the-art of technology and engineering was provided
mance millimeter wave hardware required in the simulator and can for both ground-based and in-flight simulators and their respective
be applied to evaluation of both active and passive seeker modes, roles were placed in context within the aerospace scene. Author

Author

N89-100r5# Raytheon Co., Bedford, MA.
SIMULATION VALIDATION EXPERIENCE: PATRIOT GUIDANCE N87-21192# Royal Aircraft Establishment. Farnborough
SYSTEM (England).
WILLIAM C MORTON In AGARD, Guidance and Control Systems DEVELOPMENTS IN DATA ACQUISITION AND PROCESSING
Simulation and Validation Techniques 11 p (SEE N89-10048 USING AN ADVANCED COMBUSTION RESEARCH FACILITY
at-08( Ju. t988 J, 8. BULLARD. F. S. E. WHITCHER, and R V. STEEDEN In
(AGARD-AG-273) Avail: NTIS HC A07/MF A01 AGARD Advanced Instrumentation for Aero Engine Components

The increased use of sophisticated simulations as performance 16 p (SEE N87-21170 14-31) Nov 1986 Previously announced
prediction tools during the development of guided missiles has as N87-16852
placed greater emphasis on comprehensive validation of the (AGARD-CP-399) Avail: NTIS HC A24/MF A01
models used. Validation of several simulations was accomplished A new combustion rig is described which is designed to acquire
by Raytheon Company while developing the Army's PATRIOT air rapid and detailed information on the combustion processes
defense system. The validation experience is presented for two occurring within a sector of large annular gas turbine combustors
large-scale guidance simulations; the Hybrid Guidance System operating over a range of inlet pressures and temperature
Simulation and the Guidance Test and Simulation Facility. Examples representative of engine conditions. Gas samples are extracted
of the data collected are presented in the course of discussing using a probe positioned within the volume under examination
the approach to validating all mathematical as well as and transferred to a system designed to perform analyses with a
hardware-in-the-loop simulations Conclusions are drawn as to the point-to-point cycle time of less than 30 seconds. A computer is
most effective methods and the value of the validation process to used to used to control and synchronize the probe positioning
the overall system development Author and gas analysis function and to present co-ordinated results to

rig controllers. The system is capable of automatic traversing within
N89-10832# Messerschmitt-Boelkow-Blohm G.m.b H., Munich a prescribed volume or of control by a dummy traverse gear which
(Germany. F R), Aircraft Div permits tracing of air and fuel flows Author
COMPUTING SYSTEM CONFIGURATION FOR FIGHTER
AIRCRAFT FLIGHT CONTROL SYSTEMS
H J KAUL. H. LUEERS. and J, RAUCH In AGARD, Computing N87-21205# Deutsche Forschungs- und Versuchsanstalt fuer
Systems Configuration for Highly Integrated Guidance Control Luft- und Raumfahrt. Goettingen (Germany. F R ),
Systems 32 p (SEE N89-10831 02-01) Jun. 1988 PARTICLE IMAGING VELOCIMETRY IN A LOW TURBULENT
(AGARD-LS-1 58) Avail NTIS HC A08/MF A01 WINDTUNNEL AND OTHER FLOW FACILITIES

Flight Control Systems (FCS) for present and future Fighter J KOMPENHANS and J, REICHMUTH In AGARD Advanced
Aircraft developments are based on three basic technologies, Instrumentation for Aero Engine Components 13 p (SEE
CCV-ACT-digilal signal processing. These technologies have N87-21170 14-31) Nov 1986
opened a neN degree of freedom for optimizing overall weapon (AGARD-CP-399) Avai. NTIS HC A24/MF A01
system pvrformance by extending the requirements to be Particle imaging velocimetry (PIV) is a new technique to measure
implemented by the FCS The computing subsystem of the FCS flow velocity and flow direction at one instant in time within a
is the key element of the FCS by which this performance large area of the flow field For that purpose PIV utilizes the light
optimization can be achieved Digital FCS for fighter aircraft in scattered by small particles in the flow, which are illuminated by
service or under development exhibit a basically common two short laser pulses. The experience gained with this method is
architecture (static parallel redundancy, centralized heavily discussed Young's fringes method to evaluate the velocity data
burdened computing subsystem) which has contiruousy evolved is discussed Examples of first experimental results are given
since the early days of CCV and ACT activities. Tne objectives of Author
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N87-23633# Advisory Group for Aerospace Research and N87-23637# Toronto Univ., Downsview (Ontario). Inst. for
Development, Neuilly-Sur-Seine (France). Flight Mechanics Aerospace Studies.
Panel. THE APPLICATION OF OPTIMAL CONTROL TECHNIQUES TO
FLIGHT SIMULATION THE UTIAS RESEARCH SIMULATOR
Sep. 1986 360 p In ENGLISH and FRENCH Symposium L. D. REID In AGARD Flight Simualation 13 p (SEE N87-23633
held in Cambridge, England, 30 Sep. - 3 Oct. 1985 17-09) Sep. 1986 Sponsored by the Natural Sciences and
(AGARD-CP-408; ISBN-92-835-0394-5; AD-A173875) Avail: Engineering Research Council and the Transportatior Development
NTIS HC A16/MF A0l Centre

The oblectives of the conference were to provide an c-to-date (AGARD-CP-408) Avail: NTIS HC A16/MF A01
descnption of state-of-thc-art technology and engineering for both Optimal control has been useful in many aerospace applications
ground-based and in-flight simulators, together with an indication in recent years. Two such applications to flight simulators are
of future possibilities; and to place the roles of ground-based and described. The first involves the generation of wind shear effects
in-flight simulators into context with one another and within the for use in training exercises. This work included simulator trails
aerospace industry. For individual titles, see N87-23634 through and an assessment of the process by a number of pilots. The
N87-23660. second application is to the generation of simulator motion-base

drive signals in a six degrees-of-freedom facility. In this case the
optimal controller is composed of a series of filters that act much

N87-23634"# National Aeronautics and Space Administration. like a classical washout algorithm. Vestibular models which predict
Ames Research Center, Moffett Field, CA. the sensation of motion by the pilot are incorporated within the
VISUAL AND MOTION CUEING IN HELICOPTER SIMULATION optimal controller and are also used to evaluate its overall
PICHARD S. BRAY In AGARD Flight Simulation 16 p (SEE performance. Author
N87-23633 17-09) Sep. 1986 Previously announced as
N86-11208 N87-23638# Avons Marcel Dassault-Breguet Aviation, Istres
(AGARD-CP-408) Avail: NTIS HC A16/MF AOl (France).

The visual cues presented in the simulator are compared with OASIS: A MODERN TOOL FOR REAL-TIME SIMULATION
those of flight in an attempt to identify deficiencies. For the J. BENOIT In AGARD Flight Simulation 13 p (SEE N87-23633
low-amplitude maneuvering tasks normally associated with the 17-09) Sep. 1986
hover mode, the unique motion capabilities of the Vertical Motion (AGARD-CP-408) Avail: NTIS HC A16/MF A01
Simulator (VMS) at Ames Research Center permit nearly a full The hardware and software of the OASIS real-time flight
representation of vehicle motion. Especially appreciated in these simulation system are discussed. Symbol generation, the
tasks are the vertical-acceleration responses to collective control, performance of elementary graphic functions. the validation of
For larger-amplitude maneuvering, motion fidelity must suffer system concepts, and training are briefly discussed. R.JF.

diminution through direct attenuation through high-pass filtering
washout of the computer cockpit accelerations or beth. Experiments
were conducted in an attempt to determine the effects of these N87-23639# Royal Aircraft Establishment, Bedford (England).

distortions on pilot performance of height-control tasks. Author FS(B)3 Div
SIMULATOR MOTION CHARACTERISTICS AND PERCEPTUAL
FIDELITY Progress Report

N87-23635# Rediffusion Simulation Ltd., Crawley (England). B. N. TOMLINSON In AGARD Flight Simulation 12 p (SEE
VISUAL DISPLAY RESEARCH TOOL N87-23633 17-09) Sep. 1986 Praviously announced as
P. M. MURRAY and B. BARBER In AGARD Flight Simulation 8 X87-70218
p (SEE N87-23633 17-09) Sep. 1986 (AGARD-CP-408) Avail: NTIS HC A16/MF A01
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 Information is given on a study, commissioned by the AGARD

The Visual Display Research Tool (VDRT) is a new concept in Flight Mechanics Panel, to review existing data and try to descnbe
visual displays which utilizes area of interest approach by matching a relationship between certain motion system parameters, identified

its display parameters to those of the human eye. Two fields of in an earlier AGARD Report (AR-144), and the fidelity of the pilot's
view are employed, a wide-angle field corresponding to the perception of flight. Motion system characteristics as a whole are
peripheral area and an area of interest field inset at its center, discussed, thus extending AR-44's treatment of motion
The combined field is coupled to head and eye movements such mechanisms to include motion drive software and other features.
that the direction of gaze is followed and a detailed scene is Some of the key parameters of AR-144 are then examined in
apparent over the whole field of regard at all times. The specific relation to total motion system fidelity. Finally. some proposals
design chosen for VDRT is based on helmet mounted projection are made for a common format data structure with which to
of two full color rasters onto the interior surface of a spherical summarise research results on motion cues. Author
dome surrounding the cockpit. The VDRT has been designed to
meet the specified performance in a manner which allows a great N87-23640# British Aerospac , Public Ltd. Co., Preston
deal of flexibility in system performance under software control. It (England).
should enable a lot of experimental results to be obtained on the SIMULATION OF AIRCRAFT BEHAVIOUR ON AND CLOSE 'rO
performance and suitability of a head mounted eye tracker area THE GROUND: SUMMARY OF AGARDOGRAPH AG-285
of interest system as a training device. Author A. G. BARNES In AGARD Flight Simulation 4 p (SEE N87-23633

17-09) Sep. 1986

N67-23636# Singer-Link-Miles Ltd., Lancing (England). Visual (AGARD-CP-408) Avail: NTIS HC A16/MF A01

Applications Group. A summary of a report on the simulation of aircraft

ADVANCED VISUALS IN MISSION SIMULATORS characteristics on and near the ground is given. The benefits of

O A COWDREY In AGARD Flight Simulation 10 p (SEE good handling are noted. The components needed to put together

N87-23633 17-09) Sep. 1986 a simulation - the data set, the computer, the visual system, the

(AGARD-CP-408) Avail: NTIS HC A16/MF A01 motion system, and other cueing devices - are considered Modeling

Modern, sophisticated full mission flight systems trainers are of the vehicle on the ground is discussed, as are visual system

capable of accurate representation of the actual aircraft in ::any reqiuiremcnts. R.J.F

areas including handling, controls, systems. etc. The malor area
of inadequacy to date has been the inability to produce a N87-23641# Rediffusion Simulation Ltd.. Crawley (England).
setisfacnry visual representation of the outside world. To produce Research and Development Dept.
an image to match that of the pilot's fie!d-of-view at the required USE OF VOWS BY FLIGHT SIMULATOR INSTRUCTORS
resolution is beyond the capabilities of conventional visual system MARK A. BRUNT In AGARD Flight Simulation 6 p (SEE N87-23633
technology. Various alternative techniques of satisfying this 17-09) Sep 1986
demanding field-of-view/resolution requirement including the (AGARD-CP-408) Avail: NT'S HC A16/MF A01
technique developed at the Link Flight Simulation Division of the The development of Visual Display Unit (VOU)-based simulator
Singer Company, based on an eye-slaved area-of-interest (AOI) instructor stations with some ergonomics rules are compared.
concept are discussed Author Design aims and practical experience are discussed Further rules

so
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are developed to establish a baseline for designers, procurers rotor applications. Throughout, fidelity has been a prime issue
and users of instructor stations. Author and has resulted in unique data and methods to validate andupdate the tilt rotor math model. Researchers participation from

N87-23642# Royal Aircraft Establishment, Bedford (England). contractor and government agencies in the development of this
PROGRESS IN THE IMPLEMENTATION OF AGARD-AR-144 IN simulation effort has led to a generic tilt rotor simulation capabifty
MOTION SYSTEM ASSESSMENT AND MONITORING on numerous facilities.
K J. STAPLES, W LOVE, and D. PARKINSON (Singer-Link-Miles
Ltd.. Lancing. England ) In AGARD Flight Simulation 11 p (SEE
N87-23633 17-09) Sep. 1986
(AGARD-CP.408) Avail: NTIS HC A16/MF A01 N87-23647# Centre d'Essais en Vol, Istres (France).

After a beef explanation of the techniques defined in SIMULATION OF FLY-BY-WIRE CONTROL FOR CIVIL
AGARD-AR-144. a description is given of two systems which have TRANSPORT AIRCRAFT AT THE FRENCH CENTRE D'ESSAIS
been built and tested to satisfy the requirements of the AGARD EN VOL (SIMULATION DES COMMANDES DE VOL
Report. Each system is stand-alone and only requires the user to ELECTRIGUES AU CENTRE D'ESSAIS EN VOL FRANCAIS
supply the sensors on the motion system itself. One system, from (CEV) POUR LES AVIONS DE TRANSPORT CIVIL)
Singer Link Miles, is especially suited to six degree-of-freedom. R. VADROT In AGARD Flight Simulation 13 p (SEE N87-23633
synergistic motion Systems, whereas the other, from Cranfield 17-09) Sep. 1986 In FRENCH
Institute of Technology, is more appropriate to systems with (AGARD-CP-408) Avail: NTIS HC At6/MF A01
independent axes. The systems have each been used on several A review of the facilities and projects of the flight simulation
different motion systems and some examples of measured results center at Istres is presented. In particular, a joint program of the
are given Author Centre d'Essais en Vo and Aerospatiale to develop simulation

capabilities and conduct studies in civil aviation fly-by-wire control
N87-23643# National Aerospace Lab.. Amsterdam is discussed. The two phase project covered real-time image
(Netherlandt;). generation, cabin motion simulation, and control la, evelopment
FLEXIBLE AND HIGH QUALITY SOFTWARE ON A for the Airbus A-300 and A320 aircraft. MG
MULTIPROCESSOR COMPUTER SYSTEM CONTROLLING A
RESEARCH FLIGHT SIMULATOR
A. P. L. A. MARSMAN In AGARD Flight Simulation 11 p (SEE
N87-23633 17-09) Sep. 1986 Previously announced as N87-23648# Industrieanlagen-Betriebsgesellschaft m.b.H.,
N87-t48578 Ottobrunn (Germany, F.R.).
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 MANNED AIR TO AIR COMBAT SIMULATION

The research environment and the multiprocessor computer PAUL A. PATZNER In AGARO Flign Simulation 7 p (SEE
system required for flexible software for flight simulation programs N87-23633 17-09) Sep. 1986
are described. The program incorporates all hardware options with (AGARD-CP-408) Avail: NTIS HC A16/MF A01
different calibration tables as the most simple solution, since for The design and the development of modern fighter aircraft
example the drive laws trimming the primary control systems are weapon systems has created an ever growing need for simulation
different for each system. Modularity of the simulation program activities. Especially manned simulation of combat missions in real
allows the usage of subss of the hardware. Even the primary time can provide invaluable information to the design engineers
controls can te replaced by inputs from a file. This enables the as well as to n',,.ial users of such weapon systems. The ground
flexibility of parallel maintenance of hardware, while testing modified based Dual Fligh, Simulator (DFS) described here simulates air to
modules in the software. It reduces the costs for projects which air combat missions in real time for two different manned aircraft
do not need all systems. Author including avionics and armament. Each aircraft is flown by a pilot

N87-23645# Air Foce Wright Aeronatica Labs, The type of aircraft, its avionics and armament, can be modelled

Wright-Pafterson AFB, OH. Flight Control Div. by exchangeable programs. In order to enlarge realism, the

TRENDS IN GROUND-BASED AND IN-FLIGHT SIMULATORS simulation covers a multiple target environment both in the visible
FOR DEVELOPMENT APPLICATIONS range and beyond by infrared radiation radar sensors I he

PAUL E. BLATT and DON R. GUM In AGARD Flight Simulation engagement scenario includes short range and medium range air
13 p (SEE N87-23633 17-09) Sep. 1986 to air missiles as well as the gun. The task area of the simulation
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 covers mission performance assessments as well as the

Current capabilities and future trends for research and investigation of technical components during the research and

deveopment simulators - both ground-based and in-flight are development phase of future fighter aircraft systems Author

described. Engineering simulators are applied as design tools for
synthesis and assessment of advanced aircraft, flight control
systems, avionic system design, and cockpit man-machine
integration. Real-time. piloted flight simulation for dynamic N87-23649# Grumman Aerospace Corp, Bethpage, NY Flight
applications is discussed. No training simulation implications are Test Dept.
intended Author UTILIZATION OF SIMULATION TO SUPPORT F-14A LOW

ALTITUDE HIGH ANGLE OF ATTACK FLIGHT TESTING
N87-23646# Textron Bell Helicopter, Fort Worth, TX. P CONIGLIARO and R. GOODMAN In AGARD Flight Simulation
PILOTED SIMULATION IN THE DEVELOPMENT OF THE XV-15 15 p (SEE N87-23633 17-09) Sep 1986
TILT ROTOR RESEARCH AIRCRAFT (AGARD-CP-408) Avail: NTI6 HC A16/MF A0t
ROGER L. MARR and GARY ft CHURCHILL (Army Aeromechanics Ground-based flight simulation has been used successfully to
Lab., Moffett Field, Calif.) In AGARD Flight Simulation 15 p support low altitude. asymmetric thrust, high angle of attack flight
(SEE N87-23633 17-09) Sep. 1986 testing of the Grumman/Navy F-f4A. The high risk nature of this
(AGARD-CP.408) Avail: NTIS HC A16/MF A01 flight testing, while representing a prime example of the application

The effective use of simulation in the XV-15 preliminary design of simulation in the flight test environment, nonetheless generated
was demonstrated. All primary program objectives were met. The particular problems regarding simulation fidelity and utilization
initial simulation evaluation during the source evaluation board requirements. As a result, new simulation capabilities were
proceedings contnbuted significantly to performance and stability developed specifically for flight test support applications and were
and control evaluations. Subsequent simulation periods provided fully integrated into existing flight test computing/data analysis
major Lontributions in the areas of control concepts. cockpit facilities. Results from the F-14 high angle of attack flight testing
configuraiton. handling qualities, pilot workload, failure effects and are used to illustrate how simulation can significantly enhance
recovery procedures, The fidelity of the simulation also provided overall flight test safety and productivity. Using si'ulation support,
a valuable pilot training aid as well as a means of evaluating the an efficient test program was completed on time and allowed the
tilt rotor concept for various military and civil missions. Simulation F-f4's departure characteristics to be safely demonstrated at
continues to provide valuable design data for refinement of angles of attack greater than 60 degrees with full engine thrust
automatic flight control systems and design support for future tilt asymmetry at altitudes below 10,000 ft (3030 ml Author
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N87-23650# Aeritalia Sp.A, Turin (Italy). Combat Aircraft N87-23654# Air Force Flight Test Center, Edwards AFB. CA.
Group. 6520 Test Group.
THE USE OF AERITALIA FLIGHT SIMULATOR FOR THE A METHOD FOR AIRCRAFT SIMULATION VERIFICATION AND
DEVELOPMENT OF THE AM-X WEAPON SYSTEM VAUDATION DEVELOPED AT THE UNITED STATES AIR
ARMANDO ARMANDO and MAURIZIO SPINONI In AGARD FORCE FLIGHT SIMULATION FACILITY
Flight Simulation 12 p (SEE N87-23633 17-09) Sep. 1986 G. R. ANDERSON In AGARD Flight Simulation 7 p (SEE
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 N87-23633 17-09) Sep. 1986

The use of the Aeritalia flight simulator in the development of (AGARD-CP-408) Avail: NTIS HC A16/MF A01
the AM-X weapol system is discussed. A brief discription of The flight simulators at the United States Air Force Fligit
simulator components is given. Flight mechanics, flight controls Test Center (AFFTC), Aircraft Flight Simuiation Facility (AFSF) are
simulation, cockpit development, head-up display symbology, primarily used for performance and flying qualities studies. These
air-to-air gun attack simulation, in-flight refueling simulation, and high-fidelity, real-time simulators are used as an engineering tool
aircrafh formation lights positioning are among the topics covered, during the flight development of new or modified aircraft. Emphasis

R.J.F. is placed on fully developing, veriying and validating a simulation
before the actual aircraft begins flight testing. The flexibility.
accuracy and ease with which the facility's method of verification

N87-23651# Thomson-CSF, Trappes (France). and validation can be learned and implemented are a few of its

RADAR SIMULATORS advantages. This is demonstrated by the number of simulations

J. C. PIETREMENT In AGARD Flight Simulation 5 p (SEE which have been developed using it. The F-16 A/B, B-1B, Shuttle,

N87-23633 17-09) Sep. 1986 F-15 C/D. AFTI (Advanced Fighter Technology Integration) F-16,
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 F-l6 C/D. and the T-46 are examples of simulations presently

The diversity of on-board radars, the required training in their operational at the facility which were developed using the AFSFs

use and the need for preliminary testing prior to their definition method. The philosophy of developing a simulation before flight

led to the development of a multifunction radar simulator test allows the most to be learned about the aircraft before testing

architecture offering maximum flexibility. This modular archtecture begins. The test smarter approach taken at the AFFTC requires

makes possible a wide variety of products from simple training that aircraft simulations be built quickly and be used to make

equipment to the most sophisticated research simulators. In flight testing more efficient and safer. The method for verifying
addition, it can be adapted as radar techniques develop. Author and validating simulations used at the AFSF assures that these

requirements are fulfilled. Author

N87-23652# Air Force Flight Test Center, Edwards AFB, CA.
6520 Test Group.
THE DEVELOPMENT OF THE T-46 NEXT GENERATION
TRAINER MANNED ENGINEERING SIMULATOR AT THE US N87-23655# National Aerospace Lab., Amsterdam
AIR FORCE FLIGHT TEST CENTER (Netherlands).
JONATHAN C. PICK In AGARD Flight Simulation 12 p (SEE CORRELATION BETWEEN FLIGHT SIMULATION AND
N87-23633 17-09) Sep. 1986 PROCESSING OF FLIGHT TESTS BASED ON INERTIAL
{AGARD-CP-408) Avail: NTIS HC A16/MF A01 MEASUREMENTS

The development and structure of the T-46A flight test A. M. H. NIEUWPOORT, J H BREEMAN. L. J. J. ERKELENS.
simulation at the US Air Force Flight Test Center is described and P. J. J. VANDERGEEST In AGARD Flight Simulation 18 p
Two interesting aspects of the simulation are emphasized: (1) An (SEE N87-23633 17-09) Sep. 1986 Previously announced as
electrohydrauic force-feet system is driven by a digital computer N87-10863
to model a reversible flight control system. This led to some (AGARD-CF-408) Avail: NTIS HC A16/MF A01
force-feel system instabilities that had to be eliminated. (2) Data Flight tests and simulations were performed using conventional
for extremely high angles-of-attack are incorporated into the and dynamic techniques based on inertial measurements The use
simulation in order to simulate aircraft stall, departure, spin, and of inertial sensors in flight testing implies that specific forces and
recovery. As a tool for supporting flight test operations, the T-46 body rates are determined which are directly employed in the

simulation will be used for planning, practice flying of flight tests, flight path reconstruction procedure This procedure uses the
and to facilitate the development and evaluation of aircraft equations of motion governing flight. After this slep, aerodynamics
modifications (especially those involving the flight control system). model identification can take place In flight simulation, the opposite
This necessitates the use of very versatile software which can be process occurs. From the available aerodynamic and engine model,
changed daily to support daily flight operations. In addition, a specific forces and angular accelerations can be computed. Then
simulation that can accurately model ilight conditions on the edges the equations of motion can be integrated in order to determine
of the flight envelope greatly enhances the safety and efficiency the flight path. Consequently there is a strong similarity in the
of flight tests. Since handling qualities is the primary area of interest way flight test results are processed and reduced in order to
in this simulation, certain e'ements of the simulation are of key obtain aerodynamic information and the way simulations are
importance. One of these is control stick feel. The use of an executed using a given model Author
electrohydraulic force-feel system with digital control caused a
number of challenges related to force- eel system stability, which
are described along with the solutions implemented. Author

N87-23853# Dornier-Werke G.m.b.H.. Friedrichshafen (Germany, N87-23656# Calspan Advanced Technology Center, Buffalo,
FR). NY.

OPERATIONAL TRAINING: APPLICATION AND EXPERIENCE UNUSUAL AIRBORNE SIMULATOR APPLICATIONS
HEINZ FRIEDRICH In AGARD Flight Simulation 8 p (SEE PHILIP A. REYNOLDS In AGARD Flight Simulation 14 p (SEE
N87-23633 17-09) Sep. 1986 N87-23633 17-09) Sep 1986
(AGARD-CP-408) Avail NTIS HC A16/MF A01 (AGARD-CP-408) Avail NTIS HC A16/MF A01

Possible applications and experience gained in the simulation Airborne simulation was conceived as a general purpose flying
of missions are described. At first, activities involving opcirational qualities research technique, Many diverse uses, forecast for the
flight simulation are presented which are performed in the Dornier Total In-Flight Simulator (TIFS) while it was being developed, have
simuL ton laboratory and on the Alpha Jet simulator Following a come to pass. but diversity of application has exceeded even the
bnef description of the simulator, typical examples are explained, most imaginative predictions Some of the most unusual TIFS
Then a specific task on the simulator is detailed - the development projects since it became active i 1971 are described. The objective
of an air-to-air mode for the Heads Up Display (HUD). In the final is to help define and illustrate the role of airborne simulation in
section some aspects of operational training on flig.ht simulators airospace research and development as it interfaces with analysis.
in the German air force are discussed Author ground simulation, and flight test Author
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N87-23657# Deutsche Forschungs- und VersuChsanstalt tuer N87-23660# Systems Technology, Inc , Hawthorne. CA.
Luft- und Raumfahrt. Brunswmr (Germany. F.R.) Inst. tuer COLLECTED FLIGHT AND SIMULATION COMPARISONS AND
Flugmechanrk. CONSIDERATIONS
DFVLR IN-FLIGHT SIMULATORS ATTAS AND ArTHES FOR IRVING I, ASHKENAS In AGARD Flight Simulation 34 p (SEE
FLYING OUALITIES A;4 FLIGHT CONTROL RESEARCH N87-23633 17-09) Sep. 1986
DIETRICH HANKE and GERD BOUWER In AGARD Flight (AGARn ,-~P408) Avail: NTIS HC A16IMF A01
Simulation 13 p (SEE N87-23633 17-09) Sep. 1986 Goverr-rent-sponsored research at Systems Technology, Inc
IAGARD-CP.408) Avail: NTIS HC A16/MF A0l dealing witht simulation fidelity and utility is reviewed, starting with

Two new in-flight simulatorS have been developed by DFVLR some generic effects of motion and vision system characteristics
in recent years. These are the advanced airborne 5imul~tor and computational artacts. Diagnostic methods and tools useful
Advanced Technologies Testing Aircraft System (ATTAS) based in discovering and delineating significant qualitative and quantitative
on a modified VFW-614t let transport aircraft which will be dflerences between simulation and flight are then exposed and
operational in 1986. and the helicopter silulator ATTHeS (Advanced illustrated, Finally. examples of both fiaed and moving simulation
Technologies Testing Helicopter System) based on a B0 105 successes and shortcomings are reviewed and exammned as to
helicopter. which has operated since t98-. The application root causes of either. The research-simulator equipment involved
potential, the design requirements, the vehicle modifications. the ir the aboss companrolls ;anges from modern large-scale motion
overall system performance and the simulation capabilities as well systems and computergenerated imagery to fixed-base with simple
as the used model-tollowmng-control methods. showing that good CRT-gener.led displays
simulation fidelity could be achieved are among the types
discussed. Author

N87-24480# Messerschmitt-Boelkow-Bloiin G.rn.b H. Munich
(Germany, F R(I Helicopter and Military Aircraft Div.
DEVELOPMENT OF INTAKE SWIRL GENERATORS FOR TURBO

N87-23658# Royal Arrcrat!. Establishmrent, Bedford (England) JET ENGINE TESTING
FS(B)t Div H P GENSSLEP1. W MEYER, and L FOTTNER (Technische
DEVELOPMENT OF IN-FLIGHT SIMULATION AIRCRAFT FOR Univ., Munich, West Germany ) In AGARD Engine Response to
RESEARCH AND TRAINING APPLICATIONS IN UK Distorted Inflow Conditions 21 p (SEE N87-24464 18-07) Mar
o P NICHOLAS. J. A GILES, and 0 A. WILLIAMS (Cranlield 1987 Sponsored ir part by the German BundeSminSteriurn der
Inst ot Tech,. Bedford England I In AGARD Flight Simulation Verteidigung
13 p [SEE N87-23633 17-091 Sep 1986 IAGAR-CP 400) Avail NTIS HG Ard/MF A01
IAGARD-l.P-408) Avail NTIS HG AthIMF A01 The main objective of (hrs investigation is o assess :he irrhuevce

The objectives and the aircrafr experrmental system for the 01 derent types anJ magnitudes of swirl on the peiloin.,nco
viectored thrust Aircraft Advanced Flight Control IVAAGI research and compatibility of turbojet evyinos Thre genearnn.',ni a-
program are discussed The VAAC program studies control laws. swirl. typical for many sapersonlic combat aircraft -li-s, UiO
displays and cockpit controls for advanced STOL aircraft The Essentially two basic types. ie wvI swin and hos -wo -1 ,I
objective is to develop ccocops and design antd assessment strength and also combinations thereof. .. r- slcdn roidr i

6technues thrcovgh ground based piloted simulatron. matycemahical simulate these swirl patterns hy subscale gennrators -n a nro,!,
studies. and ffghtin a two-seat fly-by-wre research Harrrer aircraft I wind tunnel The swirl patterns measared benind ro,,se qernerarors
This work senks to tree tne desrgner trom some of the tradifloned show good agreement wilE the target patterns selectid at Inn
,tab ty and control constraints and to maermtse operational beginning The small scale swirl generators are being tebail at
Oect'ertuness throaghout the flight envelope VSTOL aircraft tull scale for subsequent testng n front of rhe Larzac endive

Author under static conditions wrth a bellntouth inet at The engine rest
facility of the Jet Propulsion Institute at the .,itae! der

Ouceoir Menchen h.0thor

N87-23659 National Aeronautical Establishment. Ottawa
(Ontario) Airborne Simulation Facility N87-24946# Rome Air Dev-elopment Center Grilless AFC
AIRBORNE SIMULATION AT THE NATIONAL AERONAUTICAL ADVANCED SENSOR EXPLOITATION
ESTABLISHMENT OF CANADA JOSEPH ANTONIK and LEONARD L CONVERSE JRf iri AiAP.D
JM MORGAN or AGARD Flrght Srmulation 16 p (SEE N87-23633 Advanced Computer Aids to the Planning and Execotton or Anr

17-09) Sep. 1986 Sponsored in part by the Canadran Department Wartare and Ground Strtke Operations 5 p (SEE Ny7 24940
o1 National Defence r18-66) Feb 1 987
IAGARD-CP-d08) Avail NTIS HG AthIMF A0t (AGARO-CP-40df Avat. NTIS HG A07 IMF AOtI

The present Arborne Simulator operated by the Flight Research The Advanced Sensor Exploitation Testbed developed Ev ino
La-oratory (FRLI of the National Aeronautrcal Establishmentl (NAEI. Rome Air Development Center for the purpose or eval-o n! 0
is based on a Bell 205A.1 host vehicle. arid is the third generation testing advanced techrnrques in try area of llittsensor
of such simulators at the laboratory, the previous two being based multidiscipline correlation io described. The testbed consists of
on Bell 41 models This aircraft was acqurred by the NAE to three subsystems the scenario generation subsystem the sensor
19r9 first saw service to the simulation ot variable stability role in simulation subsystem, and the correlation and exploitatin
1971. avd since then has undergone and rs still undergoing a a,,yortthms. The scenario generation subsystem. reterred to as
process ot evolutionary development. This paper will concentrate Dynamrc Ground Target Simulator. is a computer automated sysro-m
on the operational aspects of airborne srmulation using this aircraft. for the development of ground truly Ground truth is any activity
specifically addressing its limitations and the flight safety that occurs in the battletield in relation to movement or emission
imoicatrons ot operating in a single channel fly-by-wire mode to of opposing ground torces. The sensor simulation subsystem
clove proximity to the surface and obstacles The implications of consists of generrc moving target indicator. 'oaroc detection 

t
focattoh,

such operations, encompassrng such flrght phanes as landing and radar detection location and Imapntny type sensors thiat act as
Nap of the harrh INGh) flight on future generations of airborne fillers for the ground trt!h. The correlatron and exptltation
stmualtion are also mentioned Recent trends rn flight mechanics algorithms are restdoit within the Advanced Sensor Exploitation
research at 'he FRl have tended to remove enrphasis from Element and provide such data as military unit identification, the
classical handling gualities experiments to a more system ottnredl denbficatron and tracking ot hrgh priority /critical targets, threat
field, and Iolowrng this the Airborne Simuator has. ot )le, been alerts, and activity level indications The Advanced Sensor
used for investrgations of the nherlern aspects of fly-by wi'c Exploitation Testbed along with built-in evaluation routinvs allow
systems and as a general research tool to the neentryatron Of for the development, test, and evaluation ot automated correlation
various aspects of the glass cnert da htgh technology and identitication algorithms in as a realrstic environment as
prlot!mvchine nfnrfetnrn Author possible Author
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N8S-11655# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich N8-13221# Von Karman Inst. for Fluid Dynamics.
(Germany. F R.). RhodeoSaint-Genese (Belgium).
MB SIMULATION FACILITIES APPLIED FOR ROTORCRAFT EUROPEAN HYPERSONIC WIND TUNNELS
RESEARCH J. F. WENDT In AGARD. Aerodynamics of Hypersonic Lifting
PETER KRAUSEP, JAMES VANGAASBEEK. and HORST Vehicles 24 p (SEE N88-13219 05-02) Nov. 1987
BORCHERT In AGARD, Rotorcraf Design for Operations 17 p (AGARD-CP-428) Avail: NTIS HC A24/MF A01
(SEE N88-11649 03-05) Jun. 1987 Although the hypersonic flow regime will probably be the first
(AGARD-CP-423) Avail: NTIS HC A14/MF A01 to be dominated by computational techniques due to serious

The increasing pilot workload and environmental conditions of experimental simulation problems, the next generation of lifting
modern military helicopters necessitate detailed assessment of reentry vehicles will still rely on wind tunnels not only for design
cockpit designs with regard to controls and displays. The validation but also to verify computer codes through benchmark
optimization must be performed at the initialization of the concept test cases. Evidence for this statement is the proposal to utilize
to insure a harmonic design with minimum pilot workload. The European hypersonic tunnels for upwards of 2000 occupancy days
status of the MBB Munich flight simulation facility is examined from 1986 to f193 on the Hermes project. Basic research in
closely in light of these challenging requirements. Prolections i hypersocics required for the post-Hermes era will also rely heavily
the future development of the simulation center components are on wind tunnels and their assocated instrumentation Thus, it is
depicted, as well as priorities. Author appropriate to review the present statue of hypersonic tunnels

The requirements for flow simulation in the hypersonic regime are
briefly discussed, and the present situation summarized. Gaps are
identified and suggestions for improvements are put forward

NB-11656# Centre d'Essais en Vol. Istres (France) Author

RESEARCH SIMULATORS FOR HELICOPTERS [SIMULATEURS
D'ETUDEq POUR HELICOPTERES1 N88-13223# Queensland Un., Bnsbane (Australia). Dept of

D. JEROME In AGARD, Rolorcraft Design for Operations 12 p MechancaT Engineering

(SEE N8d 1169 03-05) Jun. 1987 In FRENCH SHOCK TUNNELS FOR REAL GAS HYPERSONI S

AGARD-CP-423) Avail NTIS HC At/MF A01 R J. STALKER In AGARD, Aerodynamics of Hypersonic Lfting

The helicopter simulation facilities of the Centre d'Essais en Vehicles 10 p (SEE N88-13219 05-02) Nov 1987
Vol at Istres are described. The simulator cabins, imaging (AGARD-CP-428) Avail: NTIS HC A24/MF A0l

techniques motion simulator methods, and related computer The application of free piston shock tunnels to the simulaton

equipment are described. In addition, tne Center's research of real gas effects in hypersonic flight is discussed it is pointed

objectives in the areas of vehicle and systems design, crew station out that the primary simulation variables for this purpose are the

organization, and vehicle performance evaluation are outlined. stagnation enthalpy and the binary scaling parameter The tree

M G piston reflected shock tunnel is considered first, and it is shown
how tes

t 
time limitations play a major role in determining the

limiting stagnation enthalpy for a given model size Nevertheless.
flight values of the two simulation variables, for vehicles similar to
the Space Shuttle Orbiter. can be matched by an existing free

N88-111667# Societe de Fabricatior. d'instruments de Mesure, piston shock tunnel up to speeds of t km/s. Experiments performed
Massy (France) in this shock tunnel are used to demonstrate real gas effects in
HELICOPTER FIRE CONTROL: ADVANTAGES OF AN model flow. Radiative energy loss limits the maximum stagnation
AUTOMATIC TARGET TRACKER [CONDUITE DE TIR enthalpy available with reflected shock tunnels. Fortunately,
HELICOPTERE INTERETS D'UNE POURSUITE AUTOMATIOUE operation in the nonreflected mode circumvents this limitation, and
DE CIBLE) in addition, allows higher values of the trinaiy scaling parameter:
B. CERUTTI In AGARD, Rotorcrafh Design for Operations 5 p although it also leads to greatly reduced test times. The use of
(SEE N8-1 1649 03-05) Jun 1987 i. FRENCH the prior steady flow technique to enable high enthalpy nonreflected
IAGARD-CP-423) Avail: NTIS HC A14/MF A01 shock tunnel operation is described, and examples of experiments

Several advantages of target 'oaching as applied to helicopter performed in the facility are used to demonstrate that short test
fire control are discussed. The principle elements involved in fire times do not preclude worthwhile experimentaton. 6, variant of
control (sighting, armaments and computers) and their respective the free piston shock tunnel, which is intended for propulsion
roles in target acquisition are briefly described. The benefits of research at high velocities, also is briefly described Author
automatic target tracking with image processing are examined in
terms of operator workload, improvement in tracking rate and noise, N88-23126"# National Aeronautics and Space Administration
and improvement in target kinetic information (precision, n-e) Ames Research Center, Moffett Field, CA.
for fire control. Finally. the various critena for control des, WATER FACILITIES IN RETROSPECT AND PROSPECT: AN
presented G ILLUMINATING TOOL FOR VEHICLE DESIGN

GARY E ERICKSON. DAVID J. PEAKE, JOHN DELFRATE,
ANDREW M. SKOW, and GERALD N. MALCOLM 'Eidetcs
International, Inc., Torrance, Caif.) In AGARD, Aerodynamic and

N88-13220# Calspan Corp.. Buffalo. NY Related Hydrodynamic Studies Using Water Facilities 28 p (SEE
A SURVEY OF EXISTING HYPERSONIC GROUND TEST N88-23125 16-34) Jun 1987 Previously announced as
FACILITIES: NORTH AMERICA N87-13403
C E WITrt IFF In AGARD. Aerodynamics of Hypersonic Lifting (AGARD-CP-413) Avail NTIS HC A20/MF A01 CSCL 14B

Vehicles 17 p (SEE N88-13219 05-02) Nov. 1987 Water facilities play a fundamental ,Ole in the design of air.
(AGARD-CP-428) Avail: NTIS HC A24/MF A0l ground, and marine vehicles by providing a qualitative, and

In the past several years there was a significant increase in sometimes quantitaive, description of complex flow phenomena
the number of programs involving hypersonic vehicles, resulting in Water tunnels, channels, and tow tanks used as flow-diagnostic
a resurgance of interest in experimental testing in hypersonic wind tools have oxperienced a rena;ssance in recent years .- response
tunnels Unfortunately. there are far fewer such facilities operating to the increased complexity of designs suitable for advanced
now than there were 10 or 15 years ago The primary purpose is technology vehicles These vehicles are frequently characterized
to survey the current status of hypersonic wind thiS in North by large regions of steady and unsteady 3.0 flow separation and
America and to describe their performance characteristics, As a ensuing vortical flows The visualization and interpretation of the
part of ti-is survey a comparison is drawn to the number and type complicated fluid motions about isolated vehicle components ann
of hypersonic wind tunnels that were active in the 1960's and complete configurations ,u a time and cost effective manner in
I7's relatve I the cuiten situation Eiphasis is placed on hydrodynamic test facilities is a key element in the development
hyper-onic aerodynamic and aerolhrmal testing and related areas of flow control concepts, and, hence, improved vehicle designs A
In surveying the hypersonic wind turnels :hat are active in North historical perspective ot the role o ward facilities in the vehicle
America. all but one are located in the USA. There is a gun Design process is presented The application of water facilities to
tunnel in Canada that will be reactivated this year Author specific aerodynamic and hydrodynamic (low problems is discussed
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and the strengths and limitations of these important experimental N88-23150# Stuttgart Unv. (Germany, FR ). Inst fuer
rools are emphasized Author Aerodynamk und Gasdynamk

A NEW LAMINAR WATER TUNNEL TO STUDY THE

TRANSITION PROCESS IN A BLASIUS LAYER AND IN A
SEPARATION BUBBLE AND A NEW TOOL FOR INDUSTRIAL
AERODYNAMICS AND HYDRODYNAMIC RESEARCH
M. STRUNZ and J. F. SPETH In AGARD. Aerodynamic and

N88-23128# Societe Berlin et Cie, Plaisir (France) Related Hydrodynamic S-ties Using Water Facilities 5 p (SEE
QUALIFICATION OF A WATER TUNNEL FOR FORCE N88-23125 16-34) Jun 1987
MEASUREMENTS ON AERONAUTICAL MODELS (AGARD-CP-413) Avail NTIS HC A20/MF A01
[QUALIFICATION DUN TUNNEL HYDRODYNAMIGUE POUR Two new watertunnels of the Institute for Aerodynamics and
DES PESEES DE MAQUETES AERONAUTIQUES] Gas Dynamics of the University of Stuttgart are presented. The
B CHEZLEPRETRE and Y. BROCARD In AGARD. Aerodynamic first is especially designed to study the stability of a laminar

and Related Hydrodynamic Studies Using Water Facihties 15 p boundary layer. The second was built to solve problems in industrial
[SEE N88-23125 16-34) Jun. 1967 In FRENCH; ENGLISH aero- and hydrodynamics. Both tunnels are constructed of
summary corrosion-resistant materials, i.e. fiberglass/reinforced plastic
(AGARD-CP-413) Avail: NTI He. 420/MF AO technology Technical data and the first applications are

Berlin and Company maintains water tunnel where flow discussed, Author
visualzation. and velocity and force mrsurements are performed
Recently, force measurements were don,, on a wing-canard modal
which was also tested tn a wind tunnel at ONERA This paper
focuses on the presentation of the lac~lity (including its laser
anemometer and the computerized data acquisition system) and N88-28858# Potter (J Leith). Nashville. TN.
on the satisfactory compartson of the balance measurements MISSILES, FUSELAGE AND SIMILAR BODIES
obtained in both water and wind tunnels. Author J. LEITI POTTER In AGARD, Boundary Layer Simulation and

Control in Wind Tunnels p 5-20 (SEE N88-28857 23-01) Apr
1988
(AGARD-AR-224) Avail: NTIS HC A20/MF A01

A review of current practices for coping with the simulation

.*6-23132# Natronal Research Councr, of Canada, Ottawa defictency when tests of elongated bodies are conducted at

Ontaro) Low Speed Aerodynamics Lab Reynolds numbers appreciably lower nan full-scale values is

THE 'JSE OF THE NRC/NAE WATER FACILITIES iN CANADIAN presented. High subsonic. transono, and low-supersonic ranges

AEr4ONAUTICAL RESEARCH AND DEVELOPMENT of Mach number are covered: hypersonic conditions are excluded

R H WICKENS and N. E JEFFREYS In AGARD. Aerodynamic althoug
h 

much of the discussion is also relevant to high Mach

;,nd Related Hydrodynamic Studies Using Water Facilities 20 p number flows. Because the flows considered may or may not

(SEE N8-23125 16-34) Jun 1987 have supersonic regions and shock waves. it is important to remain

SGARD-CP-413) Avail NTIS HC A20/MF A01 alert to the differences that shock-boundary layer iteraction may

Describd are some of the hydrodynam:c faclities of the impose upn any conclusions that are based ipon shock-free

Nationai Research Council in Ottawa and St. John's, Newfoundland flows Drag and side force vo'rations generated by changes In
The NAE water tunnel, in particular, contributed to the Reynolds number receive the principal attention The working

understanding of the aerodynamics of various VSTOL concepts, premise is that the higher Reynolds number simulation goal implies

and complen flows containing strong elements of vorticrty and also that a turbulent boundary layer is desired and that it has to

Lensleadmess Several protects are desc bed in which fundamental be estabhshed b drtfrcta means Author

Cow observations were made, and from , rich data was obtained
ir, support of theoretical investigations The past and future potential
of several water facilities of the NRC for pursuing aeroPautRical
and marine rsearcF re described. Author 1N88-28859 # National Aeronautics and Space Administration

Langley Research Center, Hampton, VA
HIGH-ASPECT-RATIO WINGS
JOHN B PETERSON. JR. In AGARD Boundary Layer Simulation

and Control in Wind Tunnels p 21-29 (SEE N8t 28857 22-01)
N88-23133# MATPA Service Aerodynamique. Velzy-Villacoublay Apr '986
(France). (AGARD-AR-224) Avail NTIS HS A20/MF A01 CSCL 14
DESCRIPTION OF A WATER TANK FACILITY: STUDY OF A High-aspect-ratio aircraft include most transport aircraft Such
MISSILE AT HIGH INCIDENCE (PRESENTATION DUN BASSIN as commercial and m;ritarj- troj- c n. 

h
usness aircraft and cargo

HYDRODYNAMIQUE: ETUDE DUN MISSILE AUX GRANDES aircraft, Generally, these types of aircraft are designed to cruise
INCIDENCES( over a narrow range of lift coefficients and Mach numbers in the
J PERINELLE and A. LUPIERI In AGARD. Aerodynamic and performance of their mission Emphasis is therefore placed on
Related Hydrodynamic Studies Using Waler Facilities 20 p (SEE the cruise performance of transport aircraft and every effort is
N88-23125 16-34) Jun 1987 In FRENCH ENGLISH summary made to obtain accurate wind-tunnel data to use as a basis for
IAGARD-CP-413) Avail NTIS HC A20/MF AOl prediction of full-scale cruise performance. However, off-cruise

The water tank facility at Matra in which measurements are performnce is also important and methods were developed for
done of flows past missiles and other related research performed, extrapolating wind-tunnel data on buffet and flutter at transonic
is described To ass, -s the experimentat techniques used, speed Transport-type aircraft were tested extensively in various
comparisons are made with wind tunnel test results In terms of wind tunnels around the world and many different test techniques
flow visualization, the phenomenon of vortex breakdown on a delta were developed to simulate highier Reynolds numl.-irs Methods
wng at incidence is checked against those of other installations developed for one tunnel may not be applicable to another tunnel
In addition, the characteristcs of a simplified missile confiuration because it diftereices in size, Reenolds number capability, running
are -onsider~d in subsonic flow at large incidences The emphasis time, and test objectives, Many - the methods ot boundary-layer
here is on two aspects (t) the uccurrence of side forces for control developed in two-dimer i airfoil testing can be applied
avg es of attack beyond a certain value, and how it is possible to in tests of transport confi-.olons. but sometimes the
orrelate wind tunnel tests with the aIsuaization of such flows. three-dimensional flo,. fields that develop on tranpsor aircraft can

and (2) using wind tunnel data obtained with an instrumented make apolicatron of the two-dimensional methods difficult or
model wirh a wing mounted on a balance compared with three impossible The discussion is intended to be a representative, but
other wings lixed to the body, a new correlation betwee, not exhaustve, survey of the various methods of high Reynolds
measurements and visualization is made. indicating the strong number simulation in the testing of high-aspect-rato aircraft
dependency of wing lift on missile roll angle attitude Author Author
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N88-28861# British Aerospace Public Ltd Co. Weybridge thickness with optical methods, turbulence levels with hot-wire or
(England) Aircraft Group. Laser-Doppler anemometers. Author
COMPLEX CONFIGURATIONS
A G, T. CRCSS In AGARD. Boundary Layer Simulation and N88-28864# Aircraft Research Associaton Ltd. Bedford
Control in Wind Tunnels p 50-67 (SEE N88-28857 2o el) Apr. (England).
1988 EXPERIMENTAL TOOLS: THE TUNNEL AND THE MODEL
tAGARD-AR-224) Avail: NTIS HC A20/MF A0l A B. HAINES and A ELSENAAR In AGARD. Boundary Layer

The practice of simulating high flight Reynolds number behavior Simulation and Control in Wind Tunnels p 11 t-114 (SEE N88-28857
Ia a low Reynolds number facility is well known However the 23-01) Apr tb8
problems now encountered at transonic speeds are considerable tAGARD-AR-224) Avail NTIS HC A20/MF A01
and vary for different model designs such that it is difficult to The aim of the report is to draw attention to experimental
predict with real confidence the actual (light conditions. In two tactors that can have a significant impact on the details o the
dimensions these scale effects become more apparent as the methodology to adopt for a particular test program in a particular
degree of supercritical flow is increased and in particular with tunnel First and foremost, the methodology and in particular. the
rearward movement o shocks. In three dimensions the problems chorce o approach to the in-depth study of the viscous effects is
are more severe particularly when wing sweep is high due to likely to depend on the test Reynolds number and on whether it
vortex and turbulent attachment line flows, both of which are is possible to vary the Reynolds number by changing the tunnel
Reynolds number dependent and when complex configurations stagnation pressure (or temperature) If the tests are heing made
3re considered ihe potcntlal for scale sensitive effects is in a vaiable density tunnel, Reynolds-number sweeps will tend to
considerable owing to the many regions where flow separation be the preterred option, if the tests are being made in an
can occur The designer will often seek to avoid scale sensitive atmospheric tunnel, manipulation of the boundary layer to produce
flow separations in model tests and this amounts to designing for a closer representation of the full-scale Eaundary behavior will be
low Reynolds number with a reduction in the potential gains to oe the only possible approach unless one is prepared to test more
had for design for fuII scale By furthering the understanding of than one model to a different scale Whenever possible, both
scale effects more realiable use can be made of Reynolds number approaches should be practised but nevertheless, the type of tunnel
simulation techniques, so enabling design for conditions closer to will dictate the prefererce Reynolds number, is however, nc? the
full scale with significant gains in flight performance The current only sgniticant parameter The stream turbulence and noise level
practice with regard to high Reynolds number simulation in are also Important The required standards of tunnel flow quality
transonic wind tunnels for industrial standards of testing relating and data accuracy were et out in the report O an earlier
to complex aircraft configurations is reviewed Author sub-committee of the AGARD Fluid Dynamics Panel For

convenience, however, the main issues that can affect the success
N88-28862# National Aerospace Lab, Amsterdam of applying either approach to the study o the viscous effects
(Netherlands). are summarized. Author
REYNOLDS NUMBER EFFECTS AND THE WIND TUNNEL
ENVIRONMENT N88-28865# National Research Council o Canada. Otlawa
A ELSENAAR In AGARD. Boundary Layer Simulation and Control (Ontario)
in Wind Tunnels p 68-79 (SEE N88-28857 23-01) Apr 1988 COMPUTATIONAL TOOLS FOR SIMULATION
Previously announced as N87-18546 METHODOLOGIES
'AGARD-AR-224) Avail: NTIS HC A201MF A01 Y Y CHAN In AGARD. Boundary Layer Simu'tion and Conlrol

Pseudo Reynolds number elfects on wind tunnel test results in Wind Tunnels p 115-131 (SEE N88-28857 23-01) Apr 1988
are discussed. it ls shown that many phenomena can be avoided iAGARD-AR-224) Avail. NTIS HC A20/MF A01
or reduced However. the natural transition position appears to be In the brief review of the computational capabilities for viscou.
critically dependent on a large number of variables: pressure flows. it was shown that the methods of solution of the governing

stibotion tunnel noise and turbulence, temperature non- equations were well developed. Turbulence modeling is adequate
equilibrium surface roughness, and Reynolds number For that for simple flows. though further verification and developments are
reason differences in transition location between wind tunnel and still needed for complex flows, Interactions of viscous and inniscid
flight are !ikely to occur for other reasons than Reynolds number flows. which are basic characteristics of transonic flows are
differences It remains good practice to either artificially fix the propertly formulated and analyzed Atached flows can be predicted
boundary layer or to measure the transition location ESA accurately hir a wide range of Reynolds numbers Flows wtl

moderate separations near the leading or traing edges and the
N88-28863# Napi s Univ (Italy) Experimental Gasdynamics shock wave-boundary layer interactions can be treated by rho
TECHNIQUES FOR BOUNDARY LAYER TRIPPING AND interactive methods Methods for two-dimensional flows are better
CONTROL developed while three-dimensional and unsteady flow methods are
G " RUSF-) In AGARD, Boundary Layer Simulation and Control showing rapiJ progress In genpril, computations can be applied
in Wind Tunnels p 80-90 (SEE N88-28857 23-01) Apr 1988 to simple conigurations or components of a complex conligurabon
IAGARD-AR-224) Avail: NTIS HC A20/MF A01 The interaction of computational simulations with wind tunnel test

The most used techniques in industrial practice to provoke programs has effectively augmented the capabilities of these tests
transition at the desired location on the model rely on narrow The information provided by computations is now essential for
strips of sparsely distributed ballotlni or carborundum grains design and checking of the test and for interpretation and
Carborundum )s preferred for its sharp irregular shape giving rise extrapolation of the results Due to strict requirement of accuracy
tO a superior effectiveness in trpping: ballotini are preferred for in aerodynamic tests, applications of computation are imited. at
their closer dimensional control A new technique trying to combine present, to stimulation of attached flows For complex flow
these two desirable features was proposed which make use of simulations, especially with flow separation, further development
coronets produced with a sewing machine on thin metal strips is needed in better understanding the ohysical nature of the how
Another recently proposed technique makes use cl trarnfer and il modeling Author
characters (Letraset) build up in layers of the desired thickness
Methods based on the increase of the turbulence level of the N88-28866# National Aerospace Lab. Amyteritam
stream ahead of the model are to be considered no' sufficiently (Netherlands)
-vIable The two most used techniques tn detect transition or, EMPIRICAL TOOLS FOR SIMULATION METHODOLOGIES

I C models are both based or surface visualization the fir.I one A ELSENAAR and A B HAINES (Aircraft Research AssocotIon
makes use of sublimating substances, acenaphtrne ,n high Ltd Bedford England I In AGARD Boundary laver Simulluen
v.bsonc and transonic tests, the second one makes use of and Control in Wind Tunnets p 1:1- l18 (SEE N88-28857 23(111
fluorescent oil . ultraviolet light An alternative technique. Apr 1988
promising for its reversbilty. is the visualization of temperature (AGARD AR-c24) Avail NTIS HC A,0l MI AI
tslrubutron on the surface with an nfra-red camera (thermography) For the application of a smurvatlonlentrapolatio methodooq
or with a temperature-senstive painl For z U or axially-symmetrical a ditaled uirderstandn

d of h- relevant vls,cots effecis , essentialmodels more conventional techniques can be used as The most sophisticated cemputatonqI meth ds today cavl;
measurier~s or vo lcOcly prohcs wth pilot iubes boundary lace- describe alt aspects If yeliow deelouen Lo.s Is patuc0iN
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true for details of the flow development that involve boundary upon both the accuracy of measurements and the imperfections
layer transition and/or separation, For that reason an attempt is provided by the wind tunnel environment Great strides have
made to describe the empirical tools that can be used to been made on measurement accuracy and as a rule this need no
supplement the theoretical calculations or the experimental longer be of much concern if properly attended to However.
information The principle of the method is briefly indicated Also. imperfections provided by the wind tunnel are still extant and these
in many cases. alternative relations can anj wilt be used depending are the main sources affecting the quality and accuracy of
on existing practice and experience of a particular design team aerodynamic wind tunnel data. The capabilities of wind tunnels
Where possible. in addition to a simple method a more sophisticated are compared with the demands of the user For individual titles.
method was specified In some cases the more sophisticated see N89-16847 through N89.16880.
method is almost identical to a complete numerical simulation. In
that respect the present set of empirical tools is open-ended. On N89-16848# Deutsche Forschungs- und Versuchsanstat fuer
the one hand, new experimental information will become available Luff- und Raumfahrt. Brunswick (Germany, FR)
in the future to refine or extend the empirical tools as used at EXPRIMENTS ON THE DFVLR-F4 WING BODY
present. On the other hand, the ever increasing sophistication in CONFIGURATION IN SEVERAL EUROPEAN WINDTUNNELS
flow modeling through computational methods will eventually G. REDEKER. R. MUELLER, P. R. ASHILL. A. ELSENAAR, and
supercede most empincism Author V, SCHMITT (Office National d'Etudes et de Recherches

Aeronautiques. Paris. France ) In AGARD. Aerodynamic Data
N88-29742# British Aerospace Public Ltd. Co. Preston Accuracy and Quality: Requirements and Capabilities in Wind
(England) Tunnel Testing 15 p (SEE N89-16846 09-09) Jul 1988
THE ROLE OF SIMULATION IN FLYING QUALITIES AND (AGARD-CP-429) Avail: NTIS HC A22/MF A01
FLIGHT CONTROL SYSTEM RELATED DEVELOPMENT Attempts are made to improve design methods for
A G BARNES In AGARD. Advances in Flying Qualities 21 p three-dimensional configurations in transomc flow and to increase
(SEE N88-29735 24-01) May 1988 the confidence in wind tunnel data. The selected contiguration
(AGARD-LS-157) Avail: NTIS HC A09/MF A01 was the DFVLR-F4 wing-body combination incorporating a transonic

Flight simulation makes a vital contribution to the understanding wing of high aspect ratio and a fuselage of Airbus type. The
of flying quality requirements and to the clearance of modern experimental part of the exercise is examined, where the same
arcraft flight controls The background to the use of simulators, model of the wing-body configuration was tested in three European
both airborne and ground based is presented, and the experimental Transonic wind tunnels. The tests followed an agreed test program
techniques, including validation and hardware requirements are comprised of force and moment measurement as well as
discussed The limitations which equipments can impose are measurements of pressure distribution on wing and fuselage
presented, and examples are given of the use of flight simulation Selected test results from the three wind tunnel tests are compared.
in flying qualities research. Finally. the techniques required for the the main emphasis being placed on the comparison of results
clearance of current designs are highlighted, and a direction for from different wind tunnels on physically the sasne model The
future research is indicated. Author results show that the data of the three wind tunnels are in

reasonable agreement, although the severe accuracy requirements
N89-10054# Boeing Aerospace Co.. Seattle, WA. of industry for judging performance data from different wind tunnels
RANGE DELAY TECHNIQUES FOR RADAR TARGET could not be met Author
SIMULATORS
LELAND C BUSE In AGARD. Guidance and Control Systems N89-16851# Calspan Field Services. Inc.. Arnold AFS. TN
Simulation and Validation Techniques 9 p (SEE N89-10048 Aerodynamics Sect.
01-08( Jul. 1988 HIERARCHY OF UNCERTAINTY SOURCES IN TRANSONIC
(AGARD-AG-273) Avail NTIS HC A07/MF AO1 WIND TUNNEL TESTING

It was recognized that the Radar Guided Seeker and JAMES M. WHORIC and RANDY W. HOBBS In AGARD.
countermeasure development using flight tests as a primary Aerodynamic Data Accuracy and Quality: Requirements and
evaluation tool is costly and insecure from interception of signal Capabilities in Wind Tunnel Testing 13 p (SEE N89-16846 09-09)
and telemetry emenations. Radar Target Simulators were Jul. 1988 Prepared in cooperation with Arnold Engineering
developed which provide the capability both to evaluate actual Development Center, Arnold Air Force Station. TN
radar guided seeker hardware and software and to evaluate (AGARD-CP-429) Avail: NTIS HC A22/MF A01
countermeasures against the actual seeker hardware in a secure A numerical perturbation technique was employed to compute
environment Experience with these simulators has demonstrated the aerodynamic coefficient uncertainties attributable to uncertainty
that with adequate simulator hardware, valid closed-loop sources associated with transonic wind tunnel testing. A force
performance evaluations can be conducted which will accurately accounting system which included data from an aerodynamic
reflect flight test performance A critical issue in the implementation reference system, a nozzle afterbody test, and an inlet test was
of such systems is the simulation of radar pulse range delay. This established to develop a system of equations by which to compute
must be accomplished with sufficient fidelity to represent a nominal flight values of lift, drag. and pitching moment coefficient
range-delayed target of ECM signal crc.dible to modern seeker uncertainties. Uncertainty estimates included standard
signal processors. Various range delay techniques as applied to instrumentation uncertainties for such sources as wall interference.
Radar Target Simulators are presented. In particular, a digital specific humidity, and viscous simulation which were based on
approach to the solution of the range delay problem is developed combinations of CFD calculations and experimental data. Author
from basic concepts through actual hardware implementation.

Author N89-16852# Naval Air Systems Command, Washington. DC
Aerodynamics and Flight Controls.

N89-16846# Advisory Group for Aerospace Research and WIND TUNNEL PREDICTED AIR VEHICLE PERFORMANCE: A
Development. Neuilly-Sur-Seine (France). Fluid Dynamics Panel. REVIEW OF LESSONS LEARNED
AERODYNAMIC DATA ACCURACY AND QUALITY: E. C. ROONEY and H. F LAUER, JR. (Caispan Field Servi.es.
REQUIREMENTS AND CAPABILITIES IN WIND TUNNEL Inc, Arnold AFS, TN I In AGARD. Aerodynamic Data Accuracy
TESTING and Quality: Requirements and Capabilities in Wind Tunnel Testing
Jul. 1988 516 p In ENGLISH and FRENCH Symposium held 11 p (SEE N89-16846 09-09) Jul. 1988
in Naples, Italy. 28 Sep. - 1 Oct. 1988 (AGARD-CP.429) Avail: NTIS HC A22/MF A01
(AGARD-CP-429; ISBN-92-835-0469-0; AD-A202496) Avail: Air vehicle development programs continue to experience
NTIS HC A22/MF A01 difficulty in preformacne prediction of new aircraft configuiations

The wind tunnel is the main instrument for providing Advances in the state-of-the-art in wind tunnel simulation
experimental aerodynamic data to the aerospace industry and techniques, flight performance measurements and computational
researcher for the purpose of load and performance evaluation fluid dynamics have provided the basis for investigating the
and for verification of theoretical results. In both cas-s, it is accuracy of the aerodynamic element used in the performance
imperative that the user has confidence in the quality of the results, prediction process The force accounting procedures, model and
which means that he must have information on what accuracy to wind tunnel simulation techniques and correction procedures are
attach to the data. The quality of wind tunnel resulfs depends reviewed, along with full scale adjustments used to predict the
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performance ot air vehicles. The lesson learned in this review example of boundary layer transition that the distribution of the
should enhance the capability to predict aircraft performance for fluctuating energy in the frequency domain is more important
future air vehicle development programs. Author Author

N89-16855# Royal Aircraft Establishment, Bedford (England). N69-16860# OSMA International, Inc., Toronto (Ontario),
THE ACCURATE MEASUREMENT OF DRAG IN THE 8 FT X 8 IMPACT OF NOZZLE DESIGN CONSTRAINTS ON TEST
FT TUNNEL SECTION FLOW QUALITY
M N. WOOD and D. S. CAPPS In AGARD, Aerodynamic Data 0. VANEVERY, S. RAIMONDO. and G M. ELFSTROM In AGARD.
Accuracy and Quality: Requirements and Capabilities in Wind Aerodynamic Data Accuracy and Quality: Requirements and
Tunnel Testing 9 p (SEE N89-16846 09-09) Jul. 1988 Previously Capabilities in Wind Tunnel Testing ft p (SEE N89-16846 09-09)
announced as X88-72373 Jul. 1988
IAGARD-CP-429) Avail: NTIS HC A22/MF A01 (AGARD-CP-429) Avail: NTIS HC A22/MF A01

The techniques currently adopted in the 8 ft by 8 ft wind tunnel A procedure is described which allows the design of relatively
at RAE for the accurate measurement of drag are described in short adjustable nozzles without resorting to the assumption of
detail. Data are presented from three series of tests on a model radial flow upstream of the nozzle inflection point. This design
of the A-310 aircraft and these demonstrate the level of accuracy procedure is used to generate a number of fully flexible nozzle
which can be achieved. Author designs for a design Mach number of 1.4 Flexible nozzle

parameters such as pressure loading, number of actuators and
N89-16856# Bntish Aerospace Public Ltd. Co., Preston nozzle length are varied in order that the influence of these
(England). parameters on test section flow quality may be evaluated. The
ACCURATE DRAG ESTIMATION USING A SINGLE influence of nozzle actuator setting accuracy is also estimated
COMPONENT DRAG MODEL TECHNIQUE The parametnc study shows that high flow quality can be achieved
A. M. CASSIE In AGARD, Aerodynamic Data Accuracy and for the shortest nozzle considered. The examination of jack setting
Quality: Requirements and Capabilities in Wind Tunnel Testing 16 errors shows that for well designed nozzles, jack setting error will
p (SFE N89-16846 09-09) Jul. 1988 be a significant source of test section flow nonuniformities.
(AGARD-CP.429) Avail: NTIS HC A221MF A01 Author

The design, development and operation of an advance afterbody
drag rig at the high speed wind tunnel at Warton is reviewed. The N89-168"1# McDonnell Aircraft Co.. Saint Louis. MO
rig has been extensively used over a 16 year period for minimization Aerodynamics and Propulsion Labs.
of modern combat aircraft afterbody; drag. Accurate incremental TRANSONIC WIND TUNNEL BOUNDARY INTERFERENCE: A
drag data is produced by measurement of the axial force on a CORRECTION PROCEDURE
fully representative metric atterbody section. A full description of R. C. CRITES In AGARD, Aerodynamic Data Accuracy and
the ng is given along with techniques for data correction and Quality: Requirements and Capabilities in Wind Tunnel Testing 16
presentation of typical data. Author p (SEE N89-16846 09-09) Jul. 1988

(AGARD-CP-429) Avail: NTIS HC A22/MF A01
N89-18857# Aircraft Research Association Ltd., Bedford An effort to develop a transonic wind tunnel boundary correction
(England). procedure is examined. The goal is a boundary correction procedure
DEVELOPMENT OF TESTING TECHNIQUES IN A LARGE applicable to ventilated test sections from subsonic through
TRANSONIC WIND TUNNEL TO ACHIEVE A REQUIRED DRAG transonic Mach numbers. Bour, jary correction is distinguished from
ACCURACY AND FLOW STANDARDS FOR MODERN CIVIL wall correction. Boundary corrections contain wall corrections, but
TRANSPORTS also contain model support. and other tunnel dependent
E. C. CARTER and K. C. PALLISTER In AGARD, Aerodynamic corrections. The approach taken uses computational fluid dynamics
Data Accuracy and Quality: Requirements and Capabilities in Wind with measured boundary conditions to provide corrections at a
Tunnel Testing 20 p (SEE N89-16846 09-09) Jul. 1988 few points in the test envelope. Conventional similianty principles
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 and iegression techniques are used to extend these corrections

unenence and results obtained in the ARA 9 ft by 8 ft transonic over the full test range. To provide experimental data n3eded for
wind tunnel are used to address the questions of measurement development and validation, a wind tunnel test program was
and flow quality, data accuracy and achieved performance. The initiated. A set of 4 wing-body model were built. Model size was
discussions relate primarily to experience with civil transports for varied while maintaining precise geometric similarity. The 3 smallest
which accurate drag prediction and efficient drag reduction through models were tested from Mach 0.5 to 1 2 in a small transonic
reliable experimental techniques is of major importance. The quality tunnel. Preliminary testing of 2 of the largest models was made in
of results is studied via the definition of the problem areas, the a larger tunnel. Extensive boundary pressure data were measured
correction methods and analysis of dynamics of the flow and the iii bolh tunnels. Typical results of these tests are reviewed.
associated measurements. Techniques specific to a large Author
development transonic tunnel are discussed in detail with a
constant awareness of the cost and efficiency in relation to the N89-16882# Aircraft Research Association Ltd.. Bedford
required accuracy and repeatability standards. Author (England).

THE USE OF COMPUTATIONAL FLUID DYNAMIC METHODS
N89-16889# Deutsche Forschungs- und Versuchsanstalt fuer TO ASSESS THE EFFECTS OF MODEL SUPPORT SYSTEMS
Luff- und Raumfahrl, Berlin (Germany, F.R.). AND WORKING SECTION MODIFICATIONS ON THE FLOW
FLOW UNSTEADINESS IN THREE LOW-SPEED WIND AROUND WIND TUNNEL MODELS
TUNNELS D. R. STANNILAND In AGARD. Aerodynamic Data Accuracy
U. MICHEL and E. FROEBEL In AGARD, Aerodynamic Data and Quality: Requirements and Capabilities in Wind Tunnel Testing
Accuracy and Quality: Requirements and Capabilities in Wind 16 p (SEE N'9116846 09-09) Jul. 1988
Tunnel Testing 10 p (SEE N89-16846 09-09) Jul. 1988 (AGARC-CP-429) Avail: NTIS HC A22/MF A01
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 The continuinq development of computer codes and power

The velocity unsteadiness in 6 test sections of 3 low speed means that computational fluid dynamic methods can be used. in
wind tunnels is discussed. Large differences of the conjunction with test techniques, to provide a more thorough
root-mean-square velocity or turbulence levels are observed in knowledge of measured flow phenomena. The use of venous
these innels. It is shown that these differences can be explained programs is demonstated to evaluate the magnitude of the
with the two independent contributions to the velocity unsteadiness interference due to model support and flow measurement
in a wind tunnel: (1) vorticity which is convected into the test installations and to guide the design of an acoustic liner for the
section from upstream, and (2) pressure waves which have many ARA transonic wind tunnel. Various simplifications are necessary
ongins but the important ones for low speed wind tunnels are the to permit the repreentation of the complex geometry within the
free shear layers of open test sections and slotted wall test constraints imposed by the programs, and hence, care is needed
sections. It is further shown that the turbulence level is not sufficient in using the computed results. Within this limitation, the methods
to descnbe the effect of velocity unsteadiness on the quality of can provide a valuable aid to the interpretation of experimental
data measured in a wind tunnel and it is demonstrated with the results and to guide the design of wind tunnel installations
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Calculations are described using vanous theoretical methods, N89-16867# Case Western Reserve Unv.. Cleveland. OH.
carried out in support of tests on five different wind tunnel A PROPOSED BOUNDARY LAYER SIMULATION
installations Author METHODOLOGY FOR WIND TUNNEL TESTING

ELI RESHOTKO, C ARMAND. Y. Y. CHAN, A. ELSENAAR, A B
HAINES, J. L. POTTER. and GIUSEPPE P. RUSSO In AGARD,

Aerodynamic Data Accuracy and Quality: Requirements and

Capabilities in Wind Tunnel Testing 12 p (SEE N89-16846 09-09)
N89-16863# National Aerospace Lab., Amsterdam Jul. 1988
(Netherlands) (AGARD-CP-429) Avail NTIS HC A22/MF A0t
ACCURACY OF VARIOUS WALL-CORRECTION METHODS FOR While wind tunnels were used for about a century to obtain
3D SUBSONIC WIND-TUNNEL TESTING performance data for vehicles to be used in atmospheric flight.
R A. MAARSINGH. TH. E. LABRUJERE, and J. SMITH In AGARD, these are still numerous uncertainties and ambiguities in the

Aerodynamic Data Accuracy and Quality: Requirements and interpretation of the data and in reliably extrapolating them to

Capabilities in Wind Tunnel Testing 13 p (SEE N89-16846 09-09) flight conditions. These issues were recently addressed. The
Jul. 1988 development of a boundary layer simulation/extrapolation method-
(AGARD-CP-429) Avail NTIS HC A22/MF A01 ology is examined. Auio.

On the basis of wind-tunnel measurements on a (simple,
unpowered, but complete) transport aircraft model in a smell and
a vey large solid-wall test section the accuracy of four
measured-boundary-condition (MEC) methods, as well as two
classical methods, was analyzed at low-speed conditions. Large
reductions in the amount of in situ measured data are shown to N89-16870# Messerschmitt-Boelkow-Blohm G.m.b H., Bremen
be possible, yet yielding results which match almost with those of (Germany. F.R.)
calculations using multiples of input data. Classical methods need ACCURACY REQUIREMENTS FOR HIGH-SPEED TEST WITH
not be abecdoned at oice in low-spee slid-wall testing. Higher ENGINE SIMULATION ON TRANSPORT AIRCRAFT MODELS
priority should be given to the welt-novin interpretation problem: IN THE NLR-HST
the determination of the actual model reaction upon the W. BURGSMUELLER, J. W. KOOI, and K MOELLER. W (National
wall-induced flow field. Author Aerospace Lab., Amsterdam, Netherlands ) in AGARD,

Aerodynamic Data Accuracy and Quality: Requirements and
Capabilities in Wind Tunnel Testing 16 p (SEE N89-16846 09-09)
Jul. 1988

N89-16864# National Aeronautics and Space Administration. (AGARD-CP-425i Avail: NTIS HC A22/MF A01
Lng-1686 a nalntermon s VAn pAir-driven tui ,-powered simulators, so-called TPS units, are

WIND TUNNE L-SIDEWALL-BOUNDARYLAYER EFFECTS IN being used in wind -innel testing to simulate the engine flow for
TRANONIC AIROL-STDESTIG-B ORY-LRECT , BT an aircraft model. These simulators provide substantial
TRANSONIC AIRFOIL TESTING-SOME CORRECTABLE. BUT improvement in testing as compared to simple through-flow nacelles
SOME NOT used earlier, In order to fully explore the improvement potential in
F T LYNCH (Douglas Aircraft Go., Inc.. LJi§ Beach CA.) and C. aerodynamic simulation it is mandatory to assure a high level of

B JOHNSON In AGARD, Aerodynamic Data Ascuracy and uality: accuracy or in case of increment testing a good repeatability
Requirements and Capabilities in Wind Tunne, Testing 16 p (SEE because the effects of engine interference drag are of the order

N89-16846 09-09) Jul. 1988
(AGARD-CP-429) Avail: NTIS HC A221MF AD' CSCL 14B of a few counts. For increment testing a repeatability of at least

The need to correct transonic airfoil wind tunnel test data for demonstrate that this repeatability can be achieved in the NLR

the influence of the tunnel sidewall boundary Ia ."s adon to high speed wind tunnel (HST) for a half model with a wing-mounted

carried out in order to evaluate sidewall bourdary layer effects on proram of NLR and MBB-UT, where MBB delivered the model

transonic airfoil characteristics, and to validate proposed correction o gand~~~~~~~~~~~ ch ii oterapiain.Tq netgto norec etin and TPS unit with engine cowlings. while NLR was responsible

and the limit to their applications. This investigation involved testing for engine calibration, wind tunnel instrumentation, and the test.
of modern airfoil configurations in two different transonic airfoil To obtain the desired quality of the final test results the investigation
lest facilities, the 15 x 60 inch two-dimensional insert of the National To obie deseeal fte Test sts the ecial
Aeronautical Establishment (NAE) 5 foot tunnel in Ottawa, Canada, was subdivided into several steps. These steps and the technical

and the two-dimensional test section of the NASA Langley 0.3 m problems and questions encountered will be described in detail
Transonic Cryogenic Tunnel (TCT). Results presented included Author

effects of variations in sidewall-boundary layer bleed in both
facilities, different sidewall boundory layer correction procedures,
tunnel-to-tunnel comparisons of corrected results, and flow condi-
tions with and without separation. Author

N89-16871# Deutsche Forschungs- und Versuchsanstalt luer

Luff- und Raumfaht. Goettingen (Germany, F.R.).
ENGINE SIMULATOR TESTS COMPARISON OF CALIBRATION

N89-16865# Deutsche Forschungs- und Versuchsanstalt fuer AND WIND TUNNEL RESULTS
Luff- und Raumfahrt, Goeftingen (Germany. F.R.). Inst. fuer W. BAUMERT, S. BINDER, and W. STAEGER In AGARD.
Expenmentelle Stroemungsmechanik. Aerodynamic Data Accuracy and Quality: Requirements and
PHYSICAL ASPECTS OF VISCOUS SIMULATION AND Capabilities in Wind Tunnel Testing t I p (SEE N89-16846 09-09)
ASSOCIATED RESEARCH REQUIREMENTS Summary Report Jul. 1988
E STANEWSKY In AGARD. Aerodynamic Data Accuracy and (AGARD-CP-429) Avail. NTIS HC A22/MF ADt
Quality: Requirements and Capabilities in Wind Tunnel Testing 16 A turbine powered simulator (TPS) was tested with a bellmouth
p (SEE N89-16846 09-09) Jul. 1988 inlet in the calibration tank and with a flight inlet in the low speed
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 wind tunnel at DFVLR Gottingen. Local Mach number distribution

Boundary layer development and transition; nonequilibrium shows good agreement in both fac.iilies. The vIlot presure
boundary layers; shock boundary layer interaction: classical distribution behind the fan however is different. This is probably

separation, trailing edge flow and buffet; vortex flows; environmental due to the different inlet confiqurations. The nozzle coefficients
effects on the boundary layer development and transition; and obtained in the calibration tank are used to calculate the thrust of
boundary layer manipulation are examined. Some selected results the simulator in the wind tunnel. The comparison with the thrust
are presented and summarized with respect to the dominant measured in the wind tunnel shows that additional corrections
viscous and outer inviscid flow parameters and most urgently have to be applied when evaluating wind tunnel measurements
needed research. B.G. with TPS. Author
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N89-16872# Office National d'Etudes et de Recherches methods used form the concept for wino tunnel test programs
Aerospatiales. Modane (France) and set accuracy requirements for test data Procedures which
INSTANTANEOUS FORCE MEASUREMENT ON A MODEL were followed in high speed cruise and low speed takeoff and
SUBJECTED TO RAPID CONTROL VARIATIONS landing are described. The accuracy of the wind tunnel tests is
J P. DREVER and M. ROBERT In AGARD, Aerodynamic Data limited by several parameters, the most important being flow quality.
Accu-acy and Quality: Requirements and Capabilities in Wind model and model suspension quality, and balance accuracy
Tunnel Testing 20 p (SEE N89-16846 09-09) Jul 1988 In Problems which occurred during the test with small models in the
FRENCH; ENGLISH summary Original language document was transonic regime led to the concepts presented: the use of large
announced in IAA as A88-22599 models on a specific suspension with a range-limited balance and
(AGARD-CP-429) Avail: NTIS HC A22/MF A01 the improvement of small model test techniques in connection

The development of a wind-tunnel model using a lateral-jet with the requirements for measurements in cryogenic facilities.
system to enact rapid control variations is discussed, and the Low speed tests are ambitious and extensive due to the many
results of instantaneous force measurements obtained with the configurations at takeoff and landing. Furthermore. the work is
model without wind in the supersonic test section of the ONERA complicated by the many details like closing plates and shutters,
S2MA facility are reported. The range of frequencies to be avoided which can have a strong effect on the performance data. Some
in controlling the generator are identified, and a mathematical model examples are presented. Author
for calculating the model motion is developed. Torsion applied to
the mudel is measured with a precision Of + or - 5 percent in roll
and . or - 10 percent in pitch and yaw over a range of frequencies N89-16878# Isidfional Aerospace Lab. Amsterdam
from 0 to 60 Hz. Good correlation is found between the applied (Netherlands).
and measured forces. Author REQUIREMENTS AND CAPABILITIES IN UNSTEADY

WINOTUNNEL TESTING
N89-16873# Technische Univ., Darmstadt (Germany, F.R.). R. D. DENBOER, R. HOUWINK, and R, J. ZWAAN In AGARD,
BALANCE ACCURACY AND REPEATABILITY AS A LIMITING Aerodynamic Data Accuracy and Quality: Requirements and
PARAMETER IN AIRCRAFT DEVELOPMENT FORCE Capabilities in Wind runnel Testing 18 n ISEF N89-16846 9-nQ
"-&qUREMENTS IN CONVENTIONAL ANU CHYOGENIC WIND Ju-. I i8
TUNNELS (AGARD-CP-429) Avail: NTIS HC A22/MF A01
B. EWALD /n AGARD, Aerodynamic Data Accuracy and Quality: The accuracy required for aeroelastic applications concerning
Requirements and Capabilities in Wind Tunnel Testing 12 p (SEE full-scale aircraft is discussed, after which the accuracy in current
N89-16846 09-09) Jul. 1988 unsteady wind tunnel testing is considered. Author
(AGARD-CP-429) Avail: NTIS HC A22/MF A01

The success of a commercial transport development is heavily
influenced by the accuracy of drag measurements during the N89-16879# Institut de Mecanique des Fluides de Llle

aerodynamic development in the wind tunnel. It is shown, that the (France).
internal balance in one limiting factor of accuracy. The accuracy PARTICULAR FLIGHT MECHANICS SPECIFICATIONS
standard of modern internal balances is compared to the accuracy RELATED TO WIND TUNNEL TEST RESULTS

and repeatability requirement of the aeredynamicist. The [SPECIFICATIONS PARTICULIERES CONCERNANT LES
comparison with high precision single component load cells RESULTATS DES ESSAIS EN SOUFFLERIE POUR LA
promises a large improvement potential in multi-component balance MECANIQUE DU VOL]

design and calibration. The following fields of improvement are MARC PIANKO In AGARD. Aerodynamic Data Accuracy and
discussed: balance design, balance material selection and Quality: Requirements and Capabilities in Wind Tunnel Testing 19
treatment, calibration methods, calibration software, end thermal p (SEE N89-16846 09-09) Jul. 1988 In FRENCH

effects. Perfect correction of the thermal effects is the key to the Original language document was announced in IAA as A88-28859
successful use of cryogenic tunnels. An approach for the crucial (AGARD-CP-429) Avail: NTIS HC A22/MF A01
problem of balance body distortion due to temperature gradients A flight mechanics analysis of requirements and
is demonstrated. Author recommendations for the quality and precision of wind tunnel

measurements is presented. The effect of imprecision in modeling
N89-16874# Arnold Engineenng Development Center. Arnold flight behavior is examined in order to determine the sensitivity of
Air Force Station. TN. the individual aerodynamic coefficients. Problems in the
CHARACTERIZATION OF HYPERSONIC WIND TUNNEL FLOW characterization of flight at large angles of incidence and sideslip.
FIELDS FOR IMPROVED DATA ACCURACY where unsteady phenomena and perturbations play a large role.
ALBERT H BOUDREAU In AGARD. Aerodynamic Data Accuracy are considered. Difficulties in the use of the wind tunnel for aircraft
and Quality: Requirements and Capabilities in Wind Tunnel Testing design are also reviewed. A.Alho
9 p (SEE N89-16846 09-09) Jul. 1988
(AGARD-CP-429) Avail: NTIS HC A22/MF A01

Hypersonic test facilities produce flow fields which are difficult N89-16880"# National Aeronautics and Space Administration
to characterize. In the past, many hypersonic facilities were reputed Ames Research Center. Moffett Field, CA.
to produce test data of interior quality, when. in fact, it was poor WIND TUNNEL REQUIREMENTS FOR COMPUTATIONAL FLUID
characterization of the flow field principally at fault. With the DYNAMICS CODE VERIFICATION
renaissance in hypersonics at hand. experimentalists face anew JOSEPH G. MARVIN In AGARD. Aerodynamic Data Accuracy
the challenge of accurately characterizing flow fields. The U.S. Air and Quality: Requirements and Capabilities in Wind Tunnel Testing
Force's Arnold Engineering Development Center has faced these 13 p (SEE N89-16846 09-09) Jul. 1988 Previously announced
complex problems and developed techniques to accurately as N87-27150
determine free-stream conditions. Those tools of characterization (AGARD-CP-429) A, 4 NTiq HC A22/MF A01 CSCL 14B
are highlighted and a standard by which all hypersonic wind tunnels The role of expe' , he development of computational
should be compared. Author fluid dynamics (CFD, , ) ma.namic flow field prediction is

discussed. Requiremer a e venfication from two sources
N89-16877# Messerschmiff-Boelkow-Blohm G.m.b.H., Bremen that pace the develo . I CFD are described for: (1)
(Germany, F.R.). development of adequate it . nodeling, and (2) establishment of
ACCURACY PROBLEMS IN WIND TUNNELS DURING confidence in the use of CFD to predict complex flows. The types
TRANSPORT AIRCRAFT DEVELOPMENT of data needed and their accuracy differs in detail and scope
GUENTER KRENZ In AGARD, Aerodynamic Data Accuracy and and leads to definite wind tunnel requirements. Examples of testing
Quality: Requirements and Capabilities in Wind Tunnel Testing 9 to assess and develop turbulence models, and to verity code
p (SEE N89-16846 09-09) Jul. 1988 development, are used to .stabfish future wind tunnel testing
(AGARD-CP-429) Avail: NTIS HC A22/MF A0l requirements. Versatility, appropriate scale and speed range.

Wind tunnel test data accuracy requirements for transport accessibility for nonintrusive instrumentation, computerized data
aircraft are derived Airline performance guarantees, model and systems, and dedicated use for verification were among the more
tunnel test techniques available and the quality of prediction important requirements identified. Author

9O



15 LAUNCH VEHICLES AND SPACE VEHICLES

14 N87-16005# System Dynamics, Inc., Gainesville FL.
MIDCOURSE GUIDANCE FOR THE US ARMY'S LOW COST

GROUND SUPPORT SYSTEMS AND FACILITIES FIBER OPTIC GUIDED MISSILE
WILLIAM BOYKIN and PAUL JACOBS (Army Missile Lab..(SPACE) Redstone Arsenal, Ala.) In AGARD Guidance, Control and
Positioning of Future Precision Guided Stand-Off Weapons Systems

includes launch complexes, research and production facilhties; t7 p (SEE N87-16000 08-15) Jun. 1986
ground support equipment, e.g.. mobile transporters; and (AGARD-CP-388) Avail: NTIS HC At2/MF A01
simulators. A method for achievag midcourse guidance using a digital

correlator and known white rocks, or positions of objects that
appear in the seeker video is analyzed. A variety of filtenng

N87-24489# Advisory Group for Aerospace Research and techniques and filter mechamzations are analyzed and the results
Development, Neutlly-Sur-Seme (France). Propulsion and presented Algorithms are developed which use updates from the
Energetics Panel. ensemble of white rocks or wiypoints to correct the missile attitude
ROCKET ALTITUDE TEST FACILITIES REGISTER at each waypoint and predct time or range to go to the target
P DUCASSE Mar. 1987 84 p area. Models for the system dynamics and the measurement
(AGARD-AG-297: AGARDOGRAPH-297; ISBN-92-835-0404-6; process were formulated and six extended Kalman filter designs
AD-A181679) Avail: NTIS HC A05/MF A01 were developed and tested for state estimation accuracy and

In 1982, the Propulsion and Energetics Panel Working Group efficiency Work was also performed to improve the efficiencies
17 endeavored to investigate test techniques applied to solid rocket of the algorithms so that the estimates are available in a timely
motors with metallized propellants. It was stated that there is a manner for midcourse navigation and to aid the operator B G.
large number of related test facilities in existence with a large
variety of technologies applied and test possibilities offered. It N87-16007# Laboratire de Recherches Balistiques et
was decided to compile a register showing the major altitude test Aerodynamiques. Vernon (France).
facilties with their characteristic data. Emphasis was put on facilities COLLISION PROBABILITY OF CRUISE MISSILES FLYING IN
capable of performing research and development tests. Author FORMATION [PROBABILITE DE COLLISION DE MISSILES DE

CROISIERE VOLANT EN FORMATIONI
MICHEL FERRAND and PHILIPPE RIOT In AGARD Guidance.
Control and Positioning of Future Precision Guided Stand-Off

15 Weapons Systems 8 p (SEE N87-16000 08-15) Oct. 1985 In
FRENCH

LAUNCH VEHICLES AND SPACE VEHICLES (AGARD-CP-388) Avail: NTIS HC A01!MF A01
A collision rule for Cruise missiles flying in formation at the

same altitude is established mathematically. The mean rate of
Inc.iudes boosters; operating problems of launch/space vehicle loss for a multi-missile mission with a trajectory including several
systems, and reusable vehicles. segmenfs is then determined. The presentation concludes with a

numerical appliration B G

N87-16000# Advisory Group for Aerospace Research and N87-16008# Societe Nationale industrielle Aerospatiale. Paris
Development, Neuilly-Sur-Seine (France). Guidance and Control (France) Div. Engins Tactiques.
Panel. STRAPDOWN INERTIAL SYSTEMS APPLICATIONS FOR
GUIDANCE, CONTROL AND POSITIONING OF FUTURE TACTICAL MISSILES (STAND-OFF MISSILES)
PRECISION GUIDED STAND-OFF WEAPONS SYSTEMS PUECH in AGARD Guidance, Control and Positioning of Future
Jun 1986 263 p In ENGLISH and FRENCH Symposium Precision Guided Stand-Off Weapons Systems 16 p (SEE
held -n Ottawa. Ontario. 8-11 Oct. 1985 N87-16000 08-15) Jun. 1986
(AGARO-CP-388; ISBN-92-835-0390-2; AD-A173353) Avail: (AGARD-CP-388) Avail: NTIS HC A12/MF A01
NTIS HC A12IMF A01 Strapdown Inertial Systems (SDIS) are particularly well suited

Topics addressed include: tactical operational requirements; for tactical standoff missile applications. This certainty was made
weapon systems concepts; design criteria and integration issues; clear by several years of theoretical design work and trials. Initial
tactical mission planning and management, communication; sensor theoretical work made wide use of parameters giving detailed
aspects for guidance and control, position, and navigation definition of missile trajectories and motions as obtained from
computational techniques and data processing; and system measurements made on weapon systems then in development or
demonstrations. For individual titles see N87-16001 through production. Sensors (principally gyroscopes) were laboratory tested.
N87-16011 Th.se preliminary design efforts led to selection of various

technologies such as the laser gyro and the mechanical gyro.
N87-16003# Singer Co.. Wayne, NJ. Kearfoti Div. each being adapted to the weapon system in question Share-out
DESIGN/DEVELOPMENT TRADEOFFS TO ACHIEVE A MISSION of functions between various equipment items was defined.
EFFECTIVE SOW GUIDANCE SYSTEM Comparison of the advantages and disadvantages of these
ALBERT J. SHAPIRO In AGARD Guidance, Control and technologies shows that today the laser gyro is principally retained
Positioning of Future Precision Guided Stand-Off Weapons Systems for high ,,d medium range levels of precision, with the mechanical
(date) 14 p (SEE N87-16000 08-15) Jun. 1986 (spin-stabilized) gyro serving in the medium ad low precision range
IAGARD-CP-388) Avail: NTIS HC A12/MF A01 Since requirements are ever increasing in the fields of dynamic

The increasing role of Precision Guided Standoff Weapons performance and robustness, it is here that most progress is
(PGSOW) places special requirements on the navigation systems expected. Author
conventionally provided to this class of vehicles. The standoff
mission requires innovative system concepts altogether different N87-16010# Rockwell International Corp., Duluth, GA Missile
from the conventional system configurations that have become Systems Div.
almost a standard approach to fighter and bomber navigation PRECISION DELIVERY OF UNGUIDED SUBMUNITIONS FROM
systems. This need for innovation is even more necessary if the A TACTICAL STANDOFF MISSILE
SOW navigation system is to be affordable and mission effective R. D. EHRICH and J. R. BEATY In AGARD Guidance, Control
in the context of these small relatively low cost vehicles. The and Positioning of Future Precision Guided Stand-Off Weapons
navigation requirements are developed and reviewed. A trade-off Systems ) 17 p (SEE N87-16000 08-15) Jun. 1986
of the alternatives as a function of guidance effectiveness are (AGARD-CP-388) Avail: NTIS HC A12/MF AO
identified and performed. From the spectrum of navigation system The extension of a low cost tactical weapon to missions
alternatives, the specifics of a multiple sensor self-contined system involving area targets requires the accurate dispensing of unguided
is developed showing the benefits to be derived by optimum submunitions. For a terminally guided weapon, proportional
integration of low cost sensors. The key elements of this integrated navigation can no longer be used, since it cannot compensate for
multiple sensor navigation system are described. Author the ballistics of the submunition A terminal guidance algorithm
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was developed to control the weapon trajectory between the N46-19554* British Aerospace Public Ltd. Co., Stevenage
midcourse flight path and the point of dispense. The algorithm (England). Precision Products Group.
incorporates submunition drag characteristics to assure high A PROTOTYPE FIBRE OPTIC GYROSCOPE FOR MISSILE
accuracy. The algorithm also assures adequate arming time for GUIDANCE APPLICATIONS
the submunitions and adequate time for the pattern to develop. C. J. KAY In AGARD. Advances in Air-Launched Weapon
The secund element of -iJrate :ubninition delivery is the Guidance and Control 13 p (SEE N88-19553 12-15) Dec. 1987
dispensing or expulsion mechanism, which ejects the payload out (AGARD-CP-431) Avail: NTIS HC A06/MF A01
of the canister. The ejection mechanism must provide the desired The design of a prototype fiber optic gyro intended for missile
pattern size, shape, and density. Air bag technology is employed guidance operations is discussed. Important design constraints for
to assure satisfactory eiection forces with adequate repeatability, the next generation of missiles are wide dynamic range, rapid
The current study is theoretical in nature, relying on digital switch-on, extreme ruggedness, low cost, and digital operation.
simulation to substantiate conclusions on patterns and accuracy. These features are all embodied in the design described, which

Author employs optical phase modulation in an integrated optical
waveguide device. A Y-branch beam splitter is also incorporated
into the desigr. Serrodyne phase ramps are impressed on the
light propagating around the fiber optic sensor coil connected to
the integrated optics chip. Rotation rate is measured by the

N87-29482# Rheinmetall G.m.bH rlesseldorf (Germany, F.R.). serrodyne frequency needed to null the rotation induced Sagnac
Guided Munition Dept. phase shift. The gyro performance (drift and random walk) and
JET REACTION CONTROL SYSTEM FOR AUTONOMOUS errors up to 1000 degrees per second are presented. Author
PRECISION MUNITION
H. PELLER and S. BUECHELE-BUECHER In AGARD, Advances N88-19555# Defence Research Establishment Valcartier
in Guidance and Control Systems and Technology 18 p (SEE (Quebec).
N87-29474 24-04) Jul. 1987 Original contains color AN INVESTIGATION OF STEEP DESCENT GUIDANCE FOR
illustrations TERMINALLY-GUIDED SUB-MUNITIONS
(AGARD-CP-411) Avail: NTIS HC A07/MF A01 G. TROTTIER In AGARD. Advances in Air-Launched Weapon

The essential differences between missile and projectile Guidance and Control 16 p (SEE N88-19553 12-15) Dec 1987
application which are very important for actuations system designs (AGARD-CP-431) A.-ail: NTIS HC A06/fVF A0I
are featured. A short trade study compares two methods of steering The lateral acceleration requirement of a hit-to-kill
missiles and projectiles using aerodynamic or impulsive control, terminally-guided sub-munition (TGSM) aimed at hitting tanks near
where the last mentioned one will be presented more exactly. toe top is examined. An analytic development of proportional
The described hot gas reaction jet control actuation block is navigation against stationary targets shows that a TGSM flying
mounted il. a submunition called EPHRAM which stands for terminal level at 150 m above the ground can hit a target 150 m in front
guided artillery munition. In this actuation system the gases of it with near vertical impact and without acceleration saturation
oroduced by a gas genera' r are controlled b' four individual if it can pull an initial 13.6 g. With acceleration saturation, a hit is
thrusters. All these important and necessary components of a jet theoretically possible with 6.8 g. TGSM configurations capable of
reaction control are explained and demonstrated by photographs hitting stationary and moving targets are then defined and tested
and figures. Results )I computer computation and sinulation will with a nonlinear 6-DOF computer simulation. The footprint of a
finally verity that jet reaction control is the ideal appication for selected configuration is selected to hit most stationary and moving
such a cannon-launched guided projectile. Author tanks likely to be found on the battlefield with impact angles above

60 degrees and reasonable angles of attack. Author

N88-19556# Naval Weapons Center, China Lake, .,. Research

N87-29483# Naval Surface Weapons Center, Dahlgren. VA. Dept.

Weapons Systems Dept. EFFECTS OF CLOSING SPEED UNCERTAINTY ON OPTIMAL
APPLICATION OF OPTIMAL ESTIMATION AND CONTROL GUIDANCE
CONCEPTS TO A BANK-TO-TURN MISSILE W. W. WILLMAN In AGARD. Advances in Air-Launched Weapon
E. J. OHLMEYER In AGARD, Advances in Guidance and Control Guidance and Control 8 p (SEE N88-19553 12-15) Dec. 1987
Systems and Technology 12 p (SEE N87-29474 24-04) Jul. (AGARD-CP-431) Avail: NTIS HC A06/MF A01
1987 An idealized planar intercept is analyzed in which an air-to-air

(AGARD-CP-411) Avail: NTIS HC A07/MF A0f homing missile has singular measurements of the line of sight to

The design and evaluation of optimal estimators and optimal a ranrdomly maneuvering target and seeks to use a guidance law

control laws for application to bank-to-turn missiles was addressed, which optimizes a specific performance criteria. If the closing speed

Two guidance laws, one based on modern control thaory and the were known precisely, the optimal guidance law for this case would

other on an augmented form of proportional navigation, were be proportional navigation With a certain navigation gain. There is

compared to the classical implementation of proportional uncertainty in the closing speed becauuv of the target maneuvers

navigation. The former two control laws require the use of a state and lack of range measurements. The eect of this uncertainty

estimator. An extended Kalman filter was devised for that purpose. on the optimal guidance law is to increase the nominal value of

Performance of the three guidance laws was compared on the the navigation gain and to add a rapid weaving component if the

basis of average miss distance achieved for a number of fractional uncertainty in the inverse target range exceeds a certain

engagement scenanos. Author level. Author

N11-19657# Avions Marcel Dassault, Saint-Cloud (France)
GUIDANCE AND CONTROL OF AIR-LAUNCHED ARMAMENTS:
AN AEROENGINEER'S PERSPECTIVE [GUIDAGE ET PILOTAGE

NS-19553# Advisory Group for Aerospace Research and DES ARMEMENTS TIRES D'AVION: POINT DE VUE DE
Development, Neuilly-Sur-Seine (France), Guidance and Control L'AVIONNEUR)
Panel. P. PAGNIEZ and F. CHIVOT In AGARD. Advances in Air-Launched
ADVANCES IN AIR-LAUNCHED WEAPON GUIDANCE AND Weapon Guidance and Control 6 p (SEE N88-19553 12-15) Dec.
CONTROL 1987 In FRENCH
Dec. 1987 118 p In ENGLISH and FRENCH Symposium (AGARD-CP-431) Avail: NTIS HC A06/MF A01
held in Athens, Greece, 5-8 May 1987 Aircraft armament engineers conceme and develop products
(AGARD-CP-431; ISBN-92-835-0439-9; AD-A194648) Avail: of higher and higher sophistication However, obtaining a total
NTIS HC A06/MF A01 operational manner which results in the optimal Performance of

Air to air and air to surface missile systems are discussed with these arms is a consequence of the homogeneity of the
an emphavis upon guidance and control technology advances and aircraft-aircrew-weapons association. The engineer is faced with
guidance impacts from other areas. For individual titles, see the task of solving an increasing number of problems whose
N88-19554 through N88-19562. severity increases with weapon sophistication. The aeroengineer
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must therefore make increasingly complex decisions regarding the N89-17605# Advisory Group for Aerospace Research and
compromise among weapon requirements, aircraft vulnerability. and Development. Neuilly-Sur-Seine (France) Guidance and Control
iew workloads The various constraints relating to the design Panel.
and development of air/air missiles with passive, active and GUIDANCE AND CONTROL OF PRECISION GUIDED
semi-active homing are examined along with specific design WEAPONS
considerations for air/sea and air/ground missiles. Author Nov. 1988 81 p In ENGLISH and FRENCH Sympoxium held

in Geilo. Norway, 3-6 May 1988
(AGARD-CP.435; ISBN-92-835-0486-0; AD-A203595) Avail:
NTIS HC A05/MF A01

Topics relative to the guidance and control o guided missiles
are discussed. Operational requirements and considerations;

N88-1960# Standard Elektrk Lorenz A G.. Stuttgart (Germany guidance sensors and components; guidance and control
F R.). techniques and signal processing; system effectiveness and

A FIBER OPTIC GYRO STRAPDOWN REFERENCE SYSTEM evaluation: and systems demonstration are among the topics
FOR GUIDED WEAPONS considered Fr, indi/dual titles, see N89-17606 through
D RAHLFS, W. AUCH. 0 GLASER. and D. RUPPERT /n AGARD N89-1 7611.
Advances in Air-Launched Weapon Guidance and Control 11 p
(SEE N88-19553 12-15) Dec. 1987 N89-17607# Societe Francaise d'Equipments pour la Navigation
(AGARD-CP-431) Avail: NTIS HC A06/MF A01 Aerienne. Chatellerault (France).

Simulations based on the error behavor of the phase modulated AOM: ACCELEROMETER FOR PRECISION-GUIDED WEAPONS
fiber optic gyro have shown that this kind of rate sensor is becoming [LAOM: ACCELEROMETRE POUR MUNITIONS DE
a serious competitor in the field o strapdown system sensors. PRECISION]
Potential applications include missile attitude reference systems A BOURA. 0. AUJAY, and J. L BOST In AGARD, Guidance
and high quality line-of-sight stabilization systems for high dynamic and Control of Precision Guided Weapons 8 p (SEE N89-17605
environments These features encourage the development of 10-15) Nov. 1988 In FRENCH
integrated concepts where attitude reference system and (AGARD-CP-435) Avail: NTIS HC A05/MF A01
line-ol-sight stabilization system are merged into one simple Pendular, monolithic accelerometer structures with surface
strapdown sensing and controlling unit. Author areas of a few millimeters have been designed, fabricated and

tested. The results support the possibility of applying this
technology to homing weapons and projectile drilt correction
Around these small monolithic structures it is possible to construct
accelerometers which occupy a volume of between : cd 4 cu

N88-19561# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich cm. Certain prototypes have shown resistance to shocks up to
(Germany. F.R.). Unternehmensbereich Apparate 20.000 G, while others exhibit a static measuring range greater
SPEED CONTROL OF A MISSILE WITH THROTTLEABLE than 100 G. Recent experimental results and the extrapolations

DUCTED ROCKET PROPULSION that can be deduced with regard to usable sensors for

DIETER THOMAIER In AGARD. Advances in Air-Launched precision-guided weapons are discussed. Author
Weapon Guidance and Control 15 p (SEE N88-19553 12-15 Dec198, N89-17609# Prins Maurits Lab TNO. Rijswijk (Netherlands).

(AGARD-CP-431) Avail: NTIS HC A06/MF A01 DEMONSTRATION OF FOG-M (FIBRE OPTIC GUIDED MISSILE)

The Mach number controller computes the suitable nominal CAPABILITIES BY MEANS OF SIMULATION AND EFFECTS OF

value for gas generator pressure while accounting for the pertinent PROPRIOCEPTIVE FEEDBACK ON THE CONTROL
gas generator dynamics. This procedure requires the knowledge B.J. DAMEN. R. N. H. W. VANGENT. and H. SCHUFFEL (Institute
of the pressure sensitive burning rate with adequate narrow for Perception RVO-TNO, Soesterberg. Netherlands I In AGARD,
tolerance limits. In the case of high-g flight maneuvers, the system Guidance and Control of Precision Guided Weapons 16 p (SEE

can optioro!y switch over to a simple command for the pressure N89-17605 10-15) Nov. 1988

nominal value. An adaptive controller is nested within the Mach (AGARD-CP-135) Avail NTIS HC A05/MF A0l
number loop to keep the gas generator pressure in closed loop A simulated scenario with the Fiber Optic Guided Missilecontrol. Thus, an open loop control of the mass flow rate is (FOG-M) with the aid of a 6 degree of freedom simulation model
providld This loop is controlled by the flight Mah number loop, for investigating maneuverability and footprint areas against

its valje being derived from flight data. The installation of prototype stationary and moving ground targets is descrbed. The

enginr.3 on t-1 stands in a hardware-in-the-loop configuration and performance against moving helicopters is discussed. A simulator

the required additional simulation procedure is described. Test built for research on the FOG-M system, including man-in-the-loop
results are given. Author contol, is describd. Demonstration studies indicated some

problem areas, such as the manual control characteristics. A study
was started concerning which type of joystick system would
enhance the performance of persons with minimal experience. It
was shown that providing the operator with propnoceptive feedback
on the maneuverability would enhance control performance.

N88-19562# Messerschmitt-Boelkow-Blohm G m.b.H., Munich Author
(Germany, F.R).
THE USE OF HARDWARE-IN-THE-LOOP-TECHNIOUES IN THE N89-17610# Norwegian Defence Research Establishment,
DEVELOPMENT OF A MODERN AIR-TO-SURFACE MISSILE Kieller.
SYSTEM APPLICATIONS OF IMAGE ANALYSIS IN PRECISION GUIDED
THOMAS KUESTNER In AGARD. Advances in Air-Launched WEAPONS
Weapon Guidance and Contrcl 6 p (SEE N88-19553 12-15) Dec. S. GRINAKER In AGARO, Guidance and Control of Precision
1987 Guided Weapons 17 p (SEE N89-1760C 10-15) Nov. 1988
(AGARD-CP-431) Avail: NTIS HC A06/MF A01 (AGARD-CP-435) Avail: NTIS HC A05/MF A01

Because of their increasing requirements, modern guided An autonomous fire and forget weapon will have to automatically
missiles have a very high degree of complexity. To improve cost navigate from the launch site to the target area, detect and
effectiveness and reduce risk and uncertainty, new test concepts recognize the target, home on to it, and select an aim-point in
are necessary. Realtime simulations like Software-in-the Loop (SIL) the terminal phase. All of these tasks can be performed by using
and Hardware-in-the-Loop (HIL) represent such new concepts. This an imaging seeker-head. Imege based target acquisition and
means closed loop simulation with actual missile components in a tracking are well established ideas and implemented in weapons
laboratory environment where the physical environment is simulated in operation or under development. A bnef survey of the involved
and controlled by special computer equipment After a definition image processing techniques are provided, including a few
of SIL/HIL simulation, the configuration of such test equipment is examples of state-of-the-art algorithms. The basic ideas of image
presented. Author based navigation and aim-po;nt selection are introduced and
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accompanied by examples, and the possibility of replacing the N87-26962# Air Force Geophysics Lab., Hanscom AFB, MA
gyro stabilization by image processing is discussed. Finally, tie POLAR-AURORAL CHARGING OF THE SPACE SHUTTLE AND
problems concerning the implementation of image analysis for real EVA ASTRONAUT
time processing are addressed, and some principles for system WILLIAM N. HAL., PHILIP LEUNG, IRA KATZ. GARY A.
design are provided. Author JONGEWARD. JOHN P. LILLEY, JR.. JOSEPH E. NANEVICZ.

JEFFREY S. THAYER, and N. JOHN STEVENS (TRW, Inc.
Redondo Beach, Calif.) In AGARD, The Aerospace Environment
at High Altitudes and its Implications for Spacecraft Charging and
Communications 9 p (SEE N87-26937 21-18) May 1987
(AGARD-CP-406) Avail: NTIS HC At3/MF A01

The evidence indicates that an astronaut carlying out
extra-vehicular activity (EVA) in the Shuttle wake in polar orbit
could have his EVA equipment charge up to significant voltages if
an intense aurora is encountered. Arc discharges are expected to
occur that are similar to those that have caused system upsets

16 and failures in geosynchronous orbits. The possibility of hazard to
the astronauts must he evaluated quickly, since polar orbit Shuttle

SPACE TRANSPORTATION launches will soon begin. Author

Includes passenger and cargo space transportation. e.g.. shuttle
operations, and space rescue techniques. 18

SPACECRAFT DESIGN, TESTING AND
N87-20369# Bntish Aerospace Public Ltd. Co., Stevenage PERFORMANCE
(England). Space and Communications Div
INFLUENCE CO-EFFICIENT TESTING AS A SUBSTITUTE FOR
MODAL SURVEY TESTING OF LARGE SPACE STRUCTURES Includes satellites; space platforms; space stations; spacecraft
T F. KEATES In AGARD Mechanical Qualification of Large systems and compone-ts such as thermAl and environmental
Flexible Spacecraft Structures 9 p (SEE N87-20355 13-18) Jul. controls; and attitude controls
1986
(AGARD-CP-397) Avail: NTIS HC A12/MF A01

The American Space Transportalui Systni is capable of N87-20355# Advisory Group for Aerospace Research and
placing large payload into low earth Orbit. Since the presence of Development, Neuilly-Sur-Seine (France). Structures and Materials
the payload has a significant effect on the behavior of the Shuttle Panel.
under the low frequency and transient loading during launch and MECHANICAL QUALIFICATION OF LARGE FLEXIBLE
return, a flight loads analysis is performed using a mathematical SPACECRAFT STRUCTURES
model of the payload coupled to that of the Shuttle. The process Jul. 1986 269 p In ENGLISH and FRENCH Meeting held in
o' clearing a payload for launch involves performing this coupled Oberammergau, West Germany. 9-13 Sep. 1985
analysis with a validated mathematical model of the payload. This (AD-A75529; AGARD-CP-397; ISBN-92-835-0396-1) Avail:
validation usually includes modal survey testing on a structurally NTIS HC Al 2/MF AOl
representative model which may also be used for static load testing. An account is given of Conference Proceedings of a Specialists'
The advantages and disadvantages of modal survey testing (either Meeting held by the Structures and Materials Panel in
fixed base or free/lree) and of Static Influence Co-efficient Oberammergau in the Fall of 1985. The problems associated with
(Flexibility) Testing are discussed. It is concluded that for parts of the mechanical qualification of flexible spacecraft are discussed.
certain types of payload the latter is a cheaper and sufficient and details of relevant methods and techniques are given. The
alternative to mod!al survey testing. Author final discussion highlights the difficulties associated with advanced

methods of expenmental and theoretical dynamic analysis and
the handling of larger and larger amounts of data For individual
titles see N87-20356 through N87-20374.

N87-20356"# National Aeronautics and Space Administration.
N87-20370# National Aercnautical Establishment, Ottawa Washington, DC. Materials and Structures Div.
(Ontario). FUTURE TRENDS IN SPACECRAFT DESIGN AND
USE OF A VIDEO-PHOTOGRAMMETRY SYSTEM FOR THE QUALIFICATION
MEASUREMENT OF THE DYNAMIC RESPONSE OF THE SAMUEL L. VENNERI. BRANTLEY R HANKS (National
SHUTTLE REMOTE MANIPULATOR ARM Aeronautics and Space Administration. Langley Research Center,
G. L. BASSO and R. B. KULCHYSKI In AGARD Mechanical Hampton, Va.), and LARRY D. PINSON In AGARD Mechanical
Qualification of Large Flexible Spacecraft Structures 12 p tSEE Qualification of Large Flexible Spacecraft Structures 9 p (SEE
N87-20355 13-18) Jul. 1986 N87-20355 13-18) Jul. 1986
(AGARD-CP-397) Avail: NTIS HC A12/MF A0l (AGARD-CP-397) Avail: NTIS HC A12/MF A0l CSCL 22A

A video-photogrammetry system was used to obtain the dynamic Material and structures issues that must be resolved in order
response of the Canadian developed, space transportation system to develop the technology data base needed to design and quality
remote manipulator arm from video tape recordings of two space the next generation of large flexible spacecraft are discussed.
based test events - specifically, an auto-trajectory and a backup This invoves the development of new ground test and analysis
mode test sequence. The application of this system to this task methods and the conduct of appropriate instrumented in-space
represented a non-generic use in that no pre-launch preparations flight experiments for final verification. A review of present
were made for implementing this technique. The procedures used understanding of material behavior in the space environment and
to extract the response information from the video tapes are identification of future needs is presented, The dynamic venfication
outlined. The stated resolution of the video-photogrammetry system and subsequent qualification of a spacecraft structure currently
is I part in 5000 (1 sigma) - typicallv. 0.03mm for a 12.5mm rely heavily on ground-based tests, coupled with the venfied
image plane size. Within this capability, the amplitude of the analysis model Future space structures, such as large antennas,
response for the auto-trajectory sequence was obtained with an Space Station and other lprge platforms, will be of sizes difficult
estimated resolution of 1mm with a camera-to-object spacing of to test using current ground test methods. In addition to size.
2.18m, and for the backup mode, 3mm at a spacing of 13.78m. other complex factors, such as low natural frequencies, lightweight
In both instances, dynamic parameters such as frequency and construction and many structural joints, will also contribute
damping were readily derived from the response measurements significant problems to the test and qualification process in an

A uthor Earth-gravity environment Th,,se large spacecraft will also require
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new technology for controlling the configuration and dynamic Broadcast satellites TV-SAT and TDF.1, for which sine vibration
deformations of the structures. Future trend in large flexible qualification and acceptancb are achieved through combination of
structures will also involve long-life design missions (10 to 20 the theoritical analysis (finite element method and frequential
years). In low earth orbit (LEO), materials will be subjected to response) and of the experimental (sine vibrations test) verification
repeated thermal cycles, ultraviolet radiation, atomic oxygen and of some subsystems and system assembles. This procedure
vacuum. For high orbits such as geo-synchronous earth orbit (GE0), requires highly detailed mathematical models, which are validated
the materials will also be subjected to large doses of hiqh energy by way of in depth correlation between the test predictsons and
electrons and protons. Understanding degradation and material test dynamic results. TV-SAT and TDF.1 sateliixa are a specially
stability over long-mission time periods will confront the designer worthwhile illustration for the said type of studies as they are a
with many issues that are unresolved today. pair of large, wholly European built spacecrafts whose structures

are made up of several malor subassembies namely: main body,
N87-20357# Messerschmitt-Boelkow-Blohm/Entwicklungspnng propellant tanks. Antenna module complete with reflectors. solar
Nord. Bremen (Germany, F.R.). array. Author
RECENT DEVELOPMENTS AND FUTURE TRENDS IN
STRUCTURAL DYNAMIC DESIGN VERIFICATION AND N87-20361"# Jet Propulsion lab. California Inst of Tech.
QUALIFICATION OF LARGE FLEXIBLE SPACECRAFT Pasadena.
E. HORNUNG, E BREITBACH (Deutsche Forschungs- und STRUCTURAL QUALIFICATION OF LARGE SPACECRAFT
Versuchsanstalt fuer Luft- und Raumfahrt, Goeltingen, West BEN K. WADA In AGARD Mechanical Qualification of Large
Germany.), and H. OERY (Technische Univ.. Aachen, West Flexible Spacecraft Structures 19 p (SEE N87.20355 13-tB) Jul
Germany.) In AGARD Mechanical Qualification of Large Flexible 1986
Spacecraft Structures 43 p (SEE N87-20355 13-18) Jul. 1986 (AGARD-CP-397) Avail. NTIS HC A12/MF A0t CSCL 22A
(AGARD-CP-397) Avail: NTIS HC A12/MF A01 Over the past twenty-five (25) years of the space program, the

A comprehensive dynamic venfication concept is proposed, major challenge in the structural qualification of the primary
focusing on a multi-axis transient qualification test to be performed structure has shifted from conducting a test that simulated the
on the primary structure or on modular segments of it. respectively. environment to accurately predicting the structural member loads
First, practical experiences and development areas identified are in flight. Once the flight loads are avaliable. a number of different
addressed Former existing barriers preventing the practical test methods are used to qualify the structure by subjecting it to
performance of this verification concepts are no longer relevant the proper loads The qualification challenge lot future large
because of the extended analytical capabilities due to the positive spacecraft will be to adequately predict its dynamic characteristic
developments in computer techniques and software and because in space to assure that it can be controlled to meet the mission
of the availability of large multi-axis vibration simulators. A vital objectives. A new test concept that may allow acquisition of modal
prerequisite for the applicability of this verification concept is the data by ground tests for verification of mathematical models of
ability for analytical flightload identification and identification of large flexible space structures which can't be ground tested by
the true dynamic characteristics on a high quality and reliability conventional methods is discussed Author
level For this a comparative discussion is presented about the
suitability of analytical methods for flightload predictions (shock N87-20362# Rome Unv. (Italy) Dipt Aerospaziale
spectra versus transient methods) The state of the art of design EFFECT OF MODAL DAMPING IN MODAL SYNTHESIS OF
identification tests and of updating methods on mathematical SPACECRAFT STRUCTURES
models is summarized and discussed with respect to necessary LUIGI PALIS C.RFMA and ANTONIO CASTEi LANI Ir AGARD
development areas and the implementation into the proposed Mechanical Qualification of Large Flex,ble Spacecraft Structures
structure verification concept. First experience with this new 11 p (SEE N87-20355 13-18) Jul 1986
venficalion cycle was made on a real satellite structure. The results IAGARO-CP-397) Avail: NTIS HC A12/MF A0t
and open development areas identified are discussed. Author In the modal synthesis of a large space structure, by a

substructuring approach, a focal point is in the evaluation of the
N87-20358# Societe Nationale Industnelle Aerospatiale, Cannes modal characteristics of the single components. As a matter of
(France). fact it is required to get the non-diagonal terms of the damping
DYNAMIC MODELING AND OPTIMAL CONTROL DESIGN FOR substructure matrix to acquire an efficient estimate of the damping
LARGE FLEXIBLE SPACE STRUCTURES characteristics of the whole structure. In this work it has been
L. PASSERON, CH GARNIER, and B. SEVENNEC In AGARD considered important to understand and to predict the physicai
Mechanical Qualification of Large Flexible Spacecraft Structures causes of complex modes also in an elementary substructure as
14 p (SEE N87-20355 13-18) Jul. 1986 a sandwich carbon fiber plate. The results of the exper-,-ntal
(AGARD-CP-397) Avail: NTIS HC A12/MF A01 work indicate that the modal analysis has to be gained in a very

Some advanced results in dynamic modeling and control areas tight frequency range, with many averaged data, and the possibility
are unrtfyingly reviwed. Dynamic modeling for complex assemblies of complex modes is increasing with the increase of the mode
ut iriletit~nC~iura rigi vi .,ix-, --t4~ svbjet~ o wiuc, i--v -;Jc. Author
motions is achieved through a Lagrangian formulation using
quasi-coordinates Lagrange multinliers are explicitly eliminated by N87-20363# Deutsche noruchungs- und Vers,-h, nstalf fuer
way of singular value decomposition resulting in a minimized set Lufl- und Raumfahrt. Goettingen (Germany. F R,) Inst of
of equations An original software program using element shape Aeroelasticity
functions interfaces the dynamic model with NASTRAN-performed DYNAMIC QUALIFICATION OF SPACECRAFT BY MEANS OF
individual substructure analyses Section 3 summarizes the now MODAL SYNTHESIS
classical results in optimal control, while section 4 gives a A. BERTRAM and D CONRAD (Messerschmitt-Boelkow-Blohm
cr-,prehensive coveraga of robustness aspects. Last section is Entwickiungspring Nord, Bremen, West Germany) In AGARD
devoted to model rC-r rod'fction The Intn~al Balancing Approach Mechanical Qualification of Large Flexible Spacecraft Structures
is generalized to systems with rigid body modes Moreover, an 1 o (SEE N87-20355 13-18) Jul 1986 Sponsored in part by ESA,
error bound between full order and reduced order transfer function ESTC
is evidenced, which bridges truncation and robustness Author (AGARD-CP-397) Avail NTIS HC At2/MF A01

The dynamic qualification process is essentially based on tests
N87-20360# Societe Nationale Industnelle Aerospatiale Cannes verification tests and qualification tests In order to ronder ground
IFrance) testing feasible. the structure has to be subdivided into modules
DYNAMIC ANALYSIS OF DIRECT TELEVISION SATELLITE After performing tests on the module level. the dynamic birh-v,
TV-SAT/TDF.1 of the entire structure is obtained by modal synthesis The
Y PLUMAT In AGARD Mechanical Qualification of Large Flexible experience gained in applying modal synthesis concepts to Simple
Spacecraft Structures 8 p (SEE N87-20355 13-18) Jul 1986 models and spacecraft-type shiictures is discussed it is shown
(AGARD-CP-397) Avail NTIS HC At2/MF A01 that the success of a modal synthesis approach is considerably

An application of the methods of analysis for the structural dependent on the input data, i e, the results ol the modal survey
behavior or spacecraft whose bottom is affected by a vibrational tests Accordingly, test data requirements are outlined Finally. the
environment is discussed The application concerns the Direct discussion includes the way in which the coup!lnq analyses can
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be improved by precise consideration of the coupling conditions input as the excitation for a modal test has provided an economcal
in substructure tests and calculations Author means of incorporating a modal test into a structural acceptance

test procedure Author
N87-20364# Centre National d'Etudes Spatiales. Toulouse
(France). N87-20367# Politecnco di Milano (Italy) Dipt di Ingegneria
LOW FREQUENCY VIBRATION TESTING ON SATELLITES Aerospaziale
A GIRARD, A. MAMODE. and F. MERCIER In AGARD Mechanical ACTIVE STRUCTURAL CONTROLLERS EMULATING
Qualification of Large Flexible Spacecraft Structures 9 p (SEE STRUCTURAL ELEMENTS BY ICUS
N87-20355 13-18) Jul 1986 in FRENCH ENGLISH summary AMALIA ERCOLI FINZI, MASSIMILIANO LANZ. and PAOLO
and title MANTEGAZZA In AGARD Mechanical Qualification of Large
(AGARD-CP-397) Avail. NTIS HC Al2/MF AWl Flexible Spacecraft Structures 13 p (SEE N87-20355 13181 Jul

Except the well known POGO phenomenon, the low frequency 1986
dynamic flight environment for a satellite consists of transient (AGARD-CP.397) Avail NTIS HC A12/MF A0t
vibrations, mainly thrust transients The qualification is generally An approach is presented to the active control design of Large
achieved by a sine sweep on a shaker according to contractual Space Structures that is based on the adoption of decentralized
specitications Far from the POGO frequencies and near the main control unilr These confr

4 
units use colocate' senscrs and

resonant frequencies of the satellite, notchings based on quasi actuators and adopt a control law that generates forces proporional
static load criteria or launch vehicle/satellite coupled analysis to local motions in order to emulate real structural elements.
results are applied to avoid overtesting. However this approach discrete tuning masses and grounding spring-damper combinations
becomes unsatisfactory for complex structures with large Some numerical examples are used to demonstrate the application
appendages, where the initial specifications are widely modified, of the Independent Control Unit (ICU) concept to a beam and a
disturbing the qualification of secondary structures in order to plate for which the active structure controls are obtained by using
improve the representativity of these tests, transient vibration a suboptimal design procedure It is Shown how the use of this
testing has been recently investigated The feasability of such type of control unit allows the development of an intnnsc fail-safe
tests on electrodynamic shakers using digital control techniques design The results obtained with the appication of tha concepts
was demonstrated several years ago and the main problem developed here are demonstrated by their application to an
remaining pnor to their operational usc has been the definition of experiment in which a thin beam, suspended from the ceiling, is
an adequate specitication for satellite qualification purposes controlled by different .omb:nations of the independent anuic,

Several approaches are presented, includir, shock synthesis, control units making use of a velocity trasducer. an integrator and
production of a specified transient, and simulation of the launch an electrodynamic actuator Author
vehicle impedance. Author

N87-20368# Industrieanlagen-itefriebsgesellschaft m S H
N87-20365# Deutsche Forschungs- und Versuchsanstalt fuer Ottobrunn (Germany, F R.) Modal Testing Sect
Luff- und Raumfahrt. Goettingen (Germany, F R.) Inst of SPACECRAFT QUALIFICATION USING ADVANCED VIBRATION
Aeroelasticity AND MODAL TESTING TECHNIQUES
MODAL-SURVEY TESTING FOR SYSTEM IDENTIFICATION AND K MLIEHLBAUER and U. SCHILDT In AGARD Mechanical
DYNAMIC QUALIFICATION OF SPACECRAFT STRUCTURES Qualification 01 Large Flexible Spacecraft Structures 9 p (SEE
N NIED8AL and H. HUENERS In AGARD Mechanical N87-20355 13-18) Jul 1986
Qualification of Large Flexible Spacecraft Structures t3 p (SEE (AGARD-CP-397) Avail NTIS HC A12/MF A01
N87-20355 13-10) Jul. 1986 The classical single-shaker vibration test has played a dominant
(AGARD-CP-397) Avail: NTIS HC A12/MF A01 role in the mechanical qualification of flexible spacecraft Due to

Modal-survey testing is an increasingly common part of the the substantially increased payload capacity of modern carriet
qualification procedure for spacecraft structures, since it offers an vehicles the existing lest facilities have reached their imilts in
experimental verification of normal mode parameters determined terms of test article mass and size These limits a,- Leing exlenie
by dynamic finite-element anlaysis. Moreover, it permits by implementing multi-shaker systems for uni.aial testing At the
identification of structural damping, knowledge of which is essential same time digital data acquisition and analysis techniques are
for reliable flight-load calculations A state of the art survey of employed to get a better understanding of the test results and of
modern modal-survey testing is given here, covenng the the test article itself An alternative approach which overcomes
phase-resonance method and various phase-separation methods the limitations imposed by the test article size is the analyticai
The use of modal-sur. c, results in the dynamic qualification of qualificalioin Besides static testing this is in particular supported
spacecraft structures is discussed, emphasizing the correlation of by modal testing accomplished on system or on sub-system level
analytical and expenmental modal data. This aspect has attracted For modal testing a broad spectrum of computerized or
growing interest in recent years, due to the obvious need for computer-based techniques is now available which are capable of
convenient tools that allow finite-element models to be updated meeting manifold requirements, The dynamic testing techniques
with measured modal data. Author mentioned here are outlined and illustrated using actual examples

of installations and applications Author
N87-20366# Spar Aerospace Ltd., Weston (Ontario).
MODAL TESTING OF THE OLYMPUS DEVELOPMENT MODEL N87-20371# Martin Marietta Aerospace, Denver, CO
STOWED SOLAR ARRAY BENEFITS OF PASSIVE DAMPING AS APPLIED TO ACTIVE
C "iRAIREY. M. ELZEKI, A. S JONES, and G. MARKS In CONTROL OF LARGE SPACE STRUCTURES
AGARD Mechanical Qualification of Large Flexible Spacecraft R N. GEHLING, H W. HARCROW, and G. MOROSOW In
Structures 14 p (SEE N87-20355 13-18) Jul. 1986 AGARD Mechanical Qualification of Large Flexible Spac. ,:,
(AGARD-CP-397) Avail: NTIS HC At2/MF A01 Structures 8 p (SEE N87-20355 13-18) Jul 1986

The modal testing portion of the structural venfication of the (AGARD-CP-397) Avail: NTIS HC A12/MF A0l
stowed solar array configuration of the Olympus S/C. a high Active vibration and shape control of large space structures
powered communication satellite is discussed. The Olympus S/C (LSS) has received a great deal of attention recently, while passive
was designed for both Anane and Shuttle launches. This versatility damping measures have been somewhat neglected However
of launch configurations tequrres an emphasis on the ability to benetis na, be Jeriacd from rmiiltnxnil;iy cnnimino h-"'
accurately predict loads and structural performance. The stowed passne an,; active control measures to achieve certain
array is comprised of: release mechanisms, a tip tensioning performance requirements Presented are results of a preliminary
mechanism, a stowed astromast and a folded flexible blanket to study of the role passive damping plays in the design and
which solar celtls have been mounted. The blanket is held in place performance of active vibration control strategies Passive dampers
between a pallet and pressure plate The prediction of accurate were ii,porc!d into a representative LSS and their effect on
structural response for such a complicated arrangement from candidate active control laws was investigated. Viscous dampers
analytical data only would be difficult. Over the past few years were implemented in time si nulations with direct velocity feedback
Spar has undertaken several development studies in the area of and optimal quadratic regulator control laws The impact of passive
modal analysis. Within these studies a technique, using base damping on overall closed-loop performance, control system
excitation of the structure has been established. The use of base spill over and robustness, and active contril requirements was
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evaluated Nurse', suits are presented for a representative N$7-26944'# California Univ.. San Diego. La Jolla Center for
model The me, at designing a LSS to incorporate discrete passie Astrophysics and Space Sciences
dampers in the overall approach to vibration suppression is HIGH SPACECRAFT POTENTIALS ON ISEE-l IN SUNLIGHT
demnonsuated through a reduction in demands placed upon an E C WHIPPLE. JR and R. C OLSEN (Alabama Univ,
act-. control system Huntsville)I In AGARD. The Aerospace Environment at High

Altitudes and :s implications for Spacecraft Charging and
C~ommunications to p (SEE N87-26937 2t-f8) May 1tZ87
(Contract NAO320

NSY18-20373#i lndlustrieaniagen.Betriebsgeselischfiat in bOH IAGARO.CP.5Pt6( Avail NTIS HG Af3iMF Apt CSCL 228
Ottobrurii jGermans. F RA Abteilung Maschinenuci und Data from two electric tield enperiments and trom the plasma
Parirceuge comrposition expeniment on ISEIr show that the Spacecraft
MULTI-AXIS VIBRATtON TESTS ON SPACECRAFT USING charged to close to 70 V in sunlight at about 0700 LIT on March
HYDRAULIC EXCITERS 17, 1978 Data from the electron Spectrometer experiment show
H HAHN and Wii AAASIJH lIn AGARD Mechanica Qualification that there wan a potentiat barrier of some .10 to 20 V about the
of Large Foevible Spacecraft Strucfures 23 p (SEE N87-2035 spacecraft durine this event The potential barrier was effective ,n
-3 ta) Jul 1986 turning back emitted photoeiectrons to the spacecraft Potential
AGARDCC 39f'1 Avail NTIq IO At2 ME Apt harriers can be forme.! by differential charging on the spacecraft

Based on performance data mhar are specified to, a spacecrart or by the presence of space charge The stringent electrostatic
mutar hydraulic vibration test taclity En bI the feasibility of oleanhness specrficatranhs imposed on ISEE made the presence
OuQh a test lacit ty s investigated Taechnical pioblemts and possible of differentivi charging seem unlikely, it these precautions were,
5.iiioo Concerri.eg test tuble tt esseasri.,ti 'it actuator jcl flective Modei)ng or trio event to determine r the barrier was
cl.-I actator joint, n i nuntr r Js~sdUi prOducedj by the presence of space charge suggested tear rho,

"cfstsatOJ Prettirs mnar arise "I"!cnn th-~t' r ie ould no! ovolairi the observed barriei 
T

he angular shaipe ) the.

ho' :1's g-1yo c,toes 'Sute ,i tr"e .toIcc Jsrriburion could bit successfully modeled as a cr005?*
',l-itX't. o caurS :cotoLers ri a ooid rated c-finlro if it-' ifrrta chargieg on the solar arrays Tis tirples final t's
rim tpie a,!.a!r' ,r ln arti a salets ana mcnotired s oIer, hrw S odctu oating was nor completely effectuve I cieu-frtfl

0,,tern 'as 10 b, tasod i'ii a Isto AtaciMo04i .leial charging and that differential charging did Occur
omni S'~~o Ir v algorithm ,)etiIt sui lilJai Author

,ariattie algorithem -ontrolter both together perrorid ifiddal
Wqr-e Mt instdc' ,Svoi.o diudin suitable deciutlna icde

la".. svfern has to tic -ased on a triple redundancy concept N,87-26845 ei Utah St;ate Univ , Logan
in t!, ... I-,en cucepornets Iis recommended to bulit I by a ACTIVE VEHICLE CHARGING MEASUREMENTS IN SOUNDING

tigita nc!u-i prCcssor System fine nuestigiatrpns nuad ro the ROCKET AND SPACE SHUTTLE ORBtTER ENVIRONMENTS AT
staterent !Iat mrut-ais vibration tests Of spavecrafrs are readzable LOW EARTH ORBIT (LEO) ALTITUDE

trio I ne -essr, t-est ovnent vuthor W J AITT, J V ECCLES N B MYERS.D C I '-SOMCN P
U BANKS. P R WILLIAMSON P I BiUSH- naveNA S
SASAKI K It OVAMA (Tokyo Univ Japan l et]a ' A(IAP
The Aerospace Enuironrment at High Allrtudes ar to Irlcat ioni,

P487-20374; Air F orce Flight Dynramics I ab At'qht Pattorson for Spacecraft Charging and Conmmunicarions r6 p (SEE Nil? 2693-
"CB OH 1 f- a 18
DEVELOPMENT OF PRECISION STRUCTURAL JOINT FOR29 S Mo~ay t9S873ul 1688-05
LARGE SPACE STRUCTURES Coetrac A'bo t Avi TISGH8. A3 Mli A0 C~tb

-iA I CCROP nd NDFVVR OBETSO (eneal It was concluded that for election beam emission up too t'Iic
Dynnamics Corp San Diego Calif I ri AGAPED Mechanical unhicle, Charging is not a significant problem with the Space tito
Juai4caio 00 Larg Flrl Seaecal StJutrl 198 o E rbiter Similarly souniding ropket payloads h'ave nil sert 0 5,j
AGr D-y 397 Avai tTI HC t 12 Jul tO I8 harging problems up 10 this revel of beam curent pro-ilot tsar

Many anticipated future space systems will employ deployable !Jhesmaximu elctons ro the o akintsde angiabe H oeer
sorucrural assemblies rn meet the packagingd Constra)in iof the sondingerocketsertrsfroma inhei EOlitd ra ~ apaiti

Siace irsporatatori System Recent developments in depiovable and orier erfecrs may occur to batance the, beam lec ci
Structris are described reiltve to the vse if advanced coinporite operated at lower aliiude,, toirng the iniet di~irni

iaeIs ih no iie designs of svch systems Specli< ToSqri
'..e"ateents If Intrestr a re- dirmena stabiliry zero tree ,oar
"Irsum Wlight asd thermal ekreical -oedtuntiut throucgs it
'ne ts 'coerna. design approaches I,,' prseeteL it n 010wth -,s~ N87-26948'; Alabama j-i Hvntsvirle D)ept It Phvsics

-Imteral , atacrereator 'o-st SitS o ELECTRON BEAM EXPERIMENTS AT HIGH ALTtTUDES
H C OLSEN 1cn AGAPG The Aerospace Environiment at High
Altitudes and 1s Implications for Spacecrart Charyrnoi and
Communications A p ISLE N8S? 2693, 2t 18L May tgi-

P87-26937" Advisoiry Groupr I- Apre sace bePseares and C ontract NAG3 620)
Livuo-i1i N~urlir S;,r I;-- iaic eri~egr Wasy iAL..AhO.CP 406l Avail NTIS H(: Ara MC ~At .-,Sc t52Bf
'rirpagain Panel upoeriments with the nelton gun o the SCATHA sarelite

THE AEROSPACE ENVIRONMENT AT HIGH ALTITUDES AND proid., -g eide rI bheum plasmo. interactions anid hearing; ot
ITS IMPLICATIONS FOR SPACECR4AFT CHARGING AND inr, ow, eneryrd vplnns around the varellit, homsexopeimvnts
COMMUNICATIONS w'.;n Ddvcted near geposyschrcnois orbit. Ie the dusk bulge
ayV 11897 288 p ie F NrSir aco HI~EN H Semnpesiurri and plasma sheet with one short operation In thie lobe regior'

'vii I5. THail - 'istlands sv.- 'ryE providing a range Cl amnbientr plasma densities The elIectron guri
.AGARPi.P.v a 0;ifit...1iiy? it F A A hi Auias oberated at9 v wath beAm cufrrnts vi 1 10 and 1115?

A il AtillM A I S( Lt 22F nicrv Data I-n einctrostapic arialyzers and tire itC elecotric 1'ld
'he sImpvoiari eiam,eed sew is iigs-e phr acd prior ''pm If lic that firm 5ateil charged to rear the beans energy
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0
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N87-26947*# Physikalisch-Technische Studien Gmb.H., Preiburg N87-26950"# National Aeronautics and Space Administration
(Germany. F.R) Lewis Research Center, Cleveland. OH.
GIOTTO-SPACECRAFT CHARGING DUE TO IMPACT SECONDARY ELECTRON GENERATION, EMISSION AND
GENERATED PLASMA IN THE PRESENCE OF DIELECTRIC TRANSPORT: EFFECTS ON SPACECRAFT CHARGING AND
MATERIALS NASCAP MODELS
H. THIEMANN, R W. SCHUNK, N. SINGH. and R. GRARD IRA KATZ. MYRON MANDELL (Systems Science and Software,
(European Space Agency European Space Research and La Jolla, Calif), JAMES C ROCHE, and CAROLYN PURVIS in
Technology Center, ESTEC. Noordwijlk, Netherlands ) In AGARD. AGARD. The Aerospace Environment at High Altitudes and its
The Aerospace Environment at High Altitudes and its Implications Implications for Spacecraft Charging and Communications 12 p
for Spacecraft Charging and Communications 7 p (SEE N87-26937 (SEE N87-26937 21-18) May 1987
21-18) May 1987 (AGARD-CP-406) Avail: NTIS HC A13/MF A01 CSCL 228
(Contract NAGW-77; NSF ATM-84-17880) Secondary electrons control a spacecraft's response to a
(AGARD-CP-406) Avail: NTIS HC At3/MF A01 CSCL 22B plasma environment. To accurately simulate spacecraft charging.

The charging effects of a conductingldielectric model spacecraft the NJASA Charging Analyzer Program (NASCAP) has mathematical
in the impact induced plasma environment are contrasted. The models of the generation, emission and transport of secondary
results of dynamic model calculations indicate larger charging times electrons The importance of each of the processes and the
and higher positive spacecraft potentials for a c-nductng/dielectric physical basis for each of the NASCAP models are discussed
spacecraft. The potential and particle distributions around the Calculations are presented which show that the NASCAP
spacecraft differ quantitatively and qualitatively in both cases, formulations are in good agreement with both laboratory and space

Author experiments Author

N87-26948# Air Force Geophysics Lab. Hanscom AFE. MA.
COMPUTER MODELS OF THE SPACECRAFT WAKE
M HEINEMANN, A RUBIN. M TAUTZ, and 0. COOKE (RADEX, N67-26951# Uniersity Coil, London (England). Spare Science
Inc. Carlisle. Mass) In AGARD. The Aerospace Environment at Lab.
High Altitudes and its Implications for Spacecraft Charqing and SPACECRAFT CHARGING: METEOSAT EXPERIENCE
Communications 9 p (SEE N87-26937 21-18) May 1987 G L WRENN and A. D JOHNSTONE In AGARD. The Aerospace
IAGARD-CP-406) Avail: NTIS HC A13/MF A01 Environment at High Altitudes and its Implications for Spacecraft

The Mesothermal Auroral Charging (MACH) code. an inside out Charging and Communications 14 p ISEE N87-26937 21-13) May

particle tracking code. was developed for the purpose of validating 1987
the physics of the Potential Of Large Spacecraft in the Auroral (AGAP.D

-
rP 406) Avail: NTIS HC A13/MF A01

Regions (POLAR) code in regimes where there can be no Operational problems with Meteosat 1 led to a collaborative
comprehensive theoretical or experimental results. While the effort to furnish subsequent spacecraft with simple charging
spacecraft that can be treated by MACH are restricted to simple monitors and to study the geosynchronuus environment in an
geometries, the methodology is more fundamental than POLAR attempt to better understand the charging process The electron
MACH generates self-consistent solutions within the context of spectrometer on Meteosat 2 has yielded a continuous 3-year data
quasisteady Vlasov plasma flow and achieves Debye ratios set which has clarified the role of plasma sheet electrons in the
previously unobtainable. POLAR and MACH solutions are shown detailed current balance which controls spacecraft potentials
lor the particle and electrostatic potential structure of the wake of Continual observation of eclipse and partial shadowing features

a charged disk in a low altitude flow for Mach numbers 4, 5. and has illuminated the dominant role of photoelectrons and
8 The results of the codes are compared to each other and to demonstrated that the safe clamping of differential voltages can
simple analytic approximations as part of an effort to compute be obtained An electron albedo index has been developed as an
the nature of the spacecraft wake and to establish the validity of aid to assessing spacecraft liability to charging. The majority of
the cod-- Author anomalies experienced by Meteosat 2 ,re not directly caused by

charging, an alternative natural cause has not been found.
Author

N87-26949# York Unv., Toronto (Ontario). Dept. of Physics
SPACECRAFT CHARGING IN THE AURORAL PLASMA:
PROGRESS TOWARD UNDERSTANDING THE PHYSICAL
EFFECTS INVOLVED
J G LAFRAMBOISE and L W. PARKER (Par ,. ..ee W.. Inc., N87-26952# Toronto Univ (Ontario) Dept of Electrical
Concord. Mass I In AGARD, The Aerospace Lrironment at Engineering
High Altitudes and its Implications for Spacecraft Charging and ARC PROPAGATION, EMISSION AND DAMAGE ON
Communications 16 p (SEE N87-26937 21-1) May 1987 SPACECRAFT DIELECTRICS
(Contract F1 9628-83-K-O028) K. G. BALMAIN in AGARD, The Aerospace Environmont at
(AGARD-CP-406) Avail: NTIS HC A13/MF A01 High Altitudes tnd its Implications for Spacecraft Charging and

The main differences between the plasma environments in Communications 7 p (SEE N87-26937 21-18) May 1987
geostationary orbit and low polar orbit with respect to high-voltage (AGARD-CP-406) Avail: NTIS HC A13/MF A01
charging situations are reviewed. Results are presented from a A review is given of the literature on the sublect of arc
calculation of secondary electron escape currents from negatively discharges on spacecraft dielectric matenals which have become
charged spacecraft surfaces having various orientations relative charged by energetic electrons and ions. Arcs resulting from the
to the I,cal magnetic field direction A simple rough estimate of charging of spacecraft dielectrics can be very strong because the
the required conditions for high-voltage auroral-zone chargirg is charge over a large area is mobilized through the phenomenon of
developed The results suggest that for any given spacecraft, arc propagation The resultant damage patterns on the dielectric
surface potentials are likely to depend more strongly on the ratio are shown to be related to arc patterns. and to the optical
of ambient flux of high-energy electrons to that of all ions. than anisotropv and crystallinity of the material. The evidence for
any other environmental parameter Preliminary results of simulation dielectric melting is suggestive of likely contamination of nearby
mork directed toward testing this hypothesis are presented, surfaces. The effectiveness of arc barriers sheds light on arc

Author propagation mechanisms Author
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NI. 26953# Centre d'Etudes et de Recherches, Toulouse N87-26960# Air Force Geophysics Lab.. Hanscom AFB. MA
(Fral co) Dept Technologie Spatiale AUTOMATIC CHARGE CONTROL SYSTEM FOR
ON THE POSSIBILITY OF A SEVERAL-KILOVOLT GEOSYNCHRONOUS SATELLITES
DIFFERENTIAL CHARGE IN THE DAY SECTOR OF A B M SHUMAN, H. A. COHEN, J. HYMAN, R. R. ROBSON. J
GEOSYNCHRONOUS ORBIT [SUR LA POSSIBILITE DE SANTORU, and W. S. WILLIAMSON (Hughes Research Labs..
CHARGE DIFFERENTIELLE DE PLUSIEURS KILOVOLTS DANS Malibu, Calif.) In AGARD, The Aerospace Environment at High
LE SECTEUR JOUR DE LORBITE GEOSYNCHRONEJ Altitudes and its Implications for Spacecraft Charging and
L. LEVY, D. SARRAIL, J. P. PHILIPPON. J. P. CATANI, and J. M. Communications 17 p (SEE N87-26937 ?1-18) May 1987
FOUROUET (MATRA Service Aerodynamique. Toulouse, France ) (AGARD-CP-406) Avail. NTIS HC A13/MF A01
In AGARD. The Aerospace Environment at High Altitudes and its An autonomous system to detect both absolute and diferential
Implications for Spacecraft Charging 3nd Communications 12 p spacecraft charging aboard high altitude satellites and to reduce
(SEE NL7-26937 21-18) May 1987 In FRENCH those potentials before hazardous arcing levels are reached is
(AGARD-CP-406) Avail: NTIS HC A13/MF A01 being developed. The principle of safely reducing spacecraft

Day-sector charging events detected with the Telecom I-A charging levels by the emission of a low energy neutral plasma,
satellite we'e analyzed. The temporai distribution of the events, effectively shorting the spacecraft and charged dielectnc surfaces
seasonal variations, and correlations with geomagnetic activity are to the ambient space plasma, was demonstrated The Charge
discussed. In addition, several covering materials were subjected Control System will utilize a xenon-based plasma source capable
to quasi-monoenergetic electron bombardment in a simulation of igniting within one sconi, and 'apable of emining a
chamber it ias found that floating metallic surfaces, although quasi-neutral plasria containing more than 1 mA of ions Author
small. produced enduring discharges with short rise times. M.

N87-26961# Aei ,-oace Corp., Los Angeles, CA SpaceSciences
Lab

N87-26956# Societe Natiorrale Industrielle Aerospatiale, Cannes THICK DIELECTRIC CHARGING ON HIGH ALTITUDE

Frare). SPACECRAFT

SPACECRAFT PROTECTION AGAINST ELECTROSTATIC A L VAMPOLA In AGARD. The Aerospace Ervironment at

DISCHARGE APPLICATION TO THE ARABSAT SPACECRAFT High Altitudes and its Implications for Spacecraft Charging and
LAURENT BROIHANNE In AGARD, The Aerospace Environment Communications 7 p (SEE Nh7-26937 2f-t8l May t97

at High Altitudes and its Implications for Spacecraft Charging and Preously announced as N87-13480

Communications tt p (SEE N87-26937 21-18) May 1987 (Contract F04701-82-C 83)

(AGARD-CP-406) Avail: NTIS HC A13/MF A01 (AGARD-CP-46) Avil: NTISHCA13/MFA01

The profections against electrostatic discharge (ESD) Thick dielectric charging, in which enerqetic electrons embed

o e ARABSAT within bulk dielectrics and build up to potentials in excess of thesphenoeaffec s wmmaichd e igentofedph n on breakdown potential of the dielectric, is shown to be a causitive
spacecrafr are summarized The origins of ESD phenomena on factor in the anomalous operation of high altitude satellites Results
geostaionary spacecraft are recalled. The basic design rules of laboratory studies are reviewed and a table ot maximumconcerning ESD which were applied to ARABSAT are given o aoaoysuisaerwwdadatbeo agu

Author expected electron fluxes orbits of various altitudes *s presented
The combination of maximum evpected electron fluxes and the
small energy associated with a bulk dielectric breakdown permits
the elimination of bulk charging as a spacecraft problem through
the minimum shielding (400 mg/sq cm) of all cables and circuit

N87-26957# European Space Agency. European Space boards otherwse exposed to the enirunment, and through the
Research and Technology Center, ESTEC, Noordwijk desensitizing of digital logic inputs that are serviced by cables
(Netherlands). Community Satellites Dept. Author
ELECTROSTATIC IMMUNITY OF GEOSTATIONARY
SATELLITES
HORST G LECHTE In AGARD. The Aerospace Environment at
High Altitudes and its Implications for Spacecraft Charging and
Communications 8 p (SEE N87-26937 21-18) May 1987
(AGARD-CP-406) Avail: NTIS HC A13/MFA01 20

It is demonstrated that electrostatic immunity of
telecommunication satellites can be achieved to a large extent by SPACECRAFT PROPULSION AND POWER
relatively simple means. Those means include the selection of
antistatic external materials and the desensitization of electronic
actuators and memories regarding fast transients. The dual Includes main propulsion systems and components. e g. rocket

approach is considered necessary because not all external surfaces engines; and spacecraft auxiliary power sources

can be made antistatic. Protection of operationally critical circuitries
against single event upsets is achieved by the same mean Author 87-610 Advisory Group for Aerospace esearch and

Development Neuilly-Sur-Seine iFrance). Propulsion and

Energetics Panel.
PERFORMANCE OF ROCKET MOTORS WITH METALLIZED
PROPELLANTS

N87-2h58# Telesat Canada, Ottawa (Ontario). Satellite D. REYDELLET, ed. Sep. 1986 84 p
Engineering Group. (AGARD-AR-230: ISBN-92-835-1534-X AD-A175565) Avail:
THE EFFECTS OF ELECTROSTATIC DISCHARGE PHENOMENA NTIS HC A05/MF A01
ON TELESAT'S DOMESTIC COMMUNICATIONS SATELLITES Different methods were used to calculate and predict the
P. N. WADHAM In AGARD. The Aerospace Environment at performance of solid rocket motors with metallized propellants.
High Altitudes and its Implications for Spacecraft Charging and An AGARD Working Group was formed in order to compare the
Communications 10 p (SEE N87-26937 21-18) May 1987 different prediction methods, to investigate the sources of
(AGARD-CP-406) Avail: NTIS HC A13/MF AOl inaccuracy and to make recommendations for future applications.

A number of anomalies believed to have been caused by The Working Group performed calculations and predictions with
electrostatic discharges are discussed. In particular, an unusually different methods for two test cases and compared the results
severe event which resulted in a temporary loss of control and a with each other and with the results of experimental investigations.
consequent loss of fuel is discussed. Each class of satellite is Finally, the Working Group came up with some conclusions and
covered in sequence by launch date. Mention is made of the the recommendations for the application of a simpified
configuration of the them" tlankets because they are considered semi-empirical method for a specific impulse prediction accuracy
to be the prime cause of electrostatic discharges. Author of 1 percent. Author
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N87-28589# Advisory Group for Aerospace Research and N87-28593# Societe Nationale Industnelle Aerospatiale,
Development, Neuilly-Sur-Seine (France). Propulsion and Saint-Medard-en-Jalles (France). Program for Filament-Wound
Energetics Panel. Structures.
DESIGN METHODS IN SOLID ROCKET MOTORS DESIGN OF FILAMENT-WOUND ROCKET CASES
Mar. 1987 239 p In ENGLISH and FRENCH Lectures held in J. P. DENOST In AGARD, Design Methods in Solid Rocket
Rijswik, Netherlands, 6-7 Apr. 1987; in Athens. Greece. 9-10 Apr. Motors 44 p (SEE N87-28589 23-20) Mar. 1987
1987: in Ankara, Turkey. 13-14 Apr. 1987: and in Lancaster. Calif., (AGARD-LS150) Avail: NTIS HC A1l/MF A0l
23-24 Apr. 1987 The methods of design and justification of filament wound rocket
(AGARD-LS-150: ISBN-92-835-0415-1; AD-At84476) Avail: NTIS cases are described. A critical analysis of rapid light-weight design
HC Att/MF A01 methods and computer aided design methods is presented and

A compilation of lectures summarizing the current the complementary utilization of the techniques is illustrated.
state-of-the-art in designing solid rocket motors and and their Consideration is also given to materials, their implementation and
components is presented. The experience of several countries in performance, and to the major pnnciples of fabrication of this
the use of new technologies and methods is represented. Specific type of structure. Author
sessions address propellant grains, cases, nozzles, internal thermal
insulation, and the general optimization of solid rocket motor N87-28594# IMI Summerfield, Kidderminster (England). Rocket
designs. For individual titles, see N87-28590 through N87-28599. Motor Design and Development.

CONSIDERATIONS FOR DESIGNERS OF CASES FOR SMALL
N87-28590# Air Force Rocket Propulsion Lab., Edwards AFB, SOLID PROPELLANT ROCKET MOTORS
CA. H. BADHAM and G. P. THORP In AGARD, Design Methods in
ADVANCES IN SOLID ROCKET NOZZLE DESIGN AND Solid Rocket Motors 20 p (SEE N87-28589 23-20) Mar. 1987
ANALYSIS TECHNOLOGY IN THE UNITED STATES SINCE (AGARD-LS-150) Avail: NTIS HC Al/MF AWl
1970 When manufacturing the initial design of the case or load
JOSEPH H. HILDRETH In AGARD, Design Methods in Solid bearing components for a solid propellant rocket motor a number
Rocket Motors 15 p (SEE N87-28589 23-20) Mar. 1987 of possible solutions may be apparent and many factors need
(AGARD-LS-tSO) Avail: NTIS HC All/MF A01 consideration before the design of the individual components can

The evolution of solid rocket nozzle design and analysis in the be finalized. The process of optimization Involves consideraton of
United States over the past decade is examined. Generalized material properties, methods of manufacturing, inspection and proof
design requirements are briefly summarized and the evolution from as well as interactions with other rocket motor and missile
tungsten and graphite based designs to the current carbon-carbon components. The various factors are considered and indicatons
designs is discussed. The main causes for the incorporation of are given of the interactions to be taken into account. Particular
new technologies are identified. The analysis processes employed emphasis is given to the design of metallic motor cases. Both
in the design cycle are described. The portions of the analysis homogeneous and non-homogeneous body structures are
activities where advanced technologies have been incorporated considered, the latter being fiber overwound metallic and stnp
are identified as well as the current trends tor improved capabilities. laminate structures. The relatively recent requirement of munitions
Finally, activities directed towards the verification of analysis insensitivity (resistance to fragment attack and fuel fire) is also
technology are summarized. These activities include code versus discussed in relation to body construction. Author
code comparisons as well as code versus laboratory measurement
efforts. The code versus measurement efforts include investigations N89-16815"# National Aeronautics and Space Administration.
into threaded interfaces between the throat and exit cone parts Marshall Space Flight Center, Huntsville. AL.
and the behavior of carbon-carbon involute exit cones subjected SPACE SHUTTLE MAIN ENGINE MONITORING EXPERIENCE
to multiaxial loads. Author AND ADVANCED MONITORING SYSTEMS DEVELOPMENT

HARRY A. CIKANEK In AGARD, Engine Condition Monitonng:
NST-28691 # Societe Europeene de Propulsion, Technology and Experience 20 p (SEE N89-16780 09-06) Oct.
Saint-Medard-en-Jalles (France). 1988
DESIGN AND SIZING OF SOLID ROCKET NOZZLES (AGARD-CP-448) Avail: NTIS HC A20/MF A01 CSCL 21H
[CONCEPTION ET DIMENSION'iEMENT DES TUYERES DE Advanced space transportation systems must provide improved
PROPULSEURS A POUDREJ availability, reliability, safety, and reduced cost in order to make a
ANDRE TRUCHOT In AGARD, Design Methods in Solid Rocket new, more vigorous level of space activity economically feasible.
Motors 27 p (SEE N87-28589 23-20) Mar. 1987 In FRENCH Earth-to-Orbit (ETO) propulsion monitoring systems are a major
(AGARD-LS-150) Avail: NTIS HC All/MF AGl factor in progress toward these improvements, and in the success

Design and sizing of solid propellant rocket nozzles is discussed of current systems. Operational experience with the Space Shuttle
and examples from the field of tactical propulsion systems are Main Engine (SSME), the first reusable ETO rocket engine, is
given. The principle specifications and parameters necessary for valuable for examining current rocket engine monitorng capability
the analysis of nozzles (pressure, time, throat diameter, over-all and technology developments. Here, Space Shuttle Main Engine
dimensions, etc,) are outlined. The various design stages are (SSME) monitoring practice and experience are surveyed. Unique
detailed: nozzle configuration analysis, section profiling, selection aspects of rocket engine mission requirements are highlighted to
and pre-sizing of section and insulation materials, and structural provide improved understanding of engine monitoring practices
components design. The different systems utilized for thrust vector and technology needs. Current ETO engine transportation systems
control (nozzle movement, fluid injection, etc.) are then discussed, mission needs are outlined. With this toundation, the techniques
Finally, the various stages of nozzle sizing are examined. For and components addressed within current technology programs
every phase (aerodynamic, thermal or thermomechanical), the are discussed to complete a picture of ETO propulsion monitoring
computation codes utilized are described. MG. status and development. Author

N87-28592# Hercules. Inc., Rocket Center, WV. Aerospace NB9-16816*# National Aeronautics and Space Administration.
Products Group. Marshall Space Flight Center, Huntsville, AL
COMPOSITE MOTOR CASE DESIGN PLUME SPECTROMETRY FOR UOGUID ROCKET ENGINE
P. R. EVANS In AGARD. Design Methods in Solid Rocket Motors HEALTH MONITORING
11 p (SEE N87-28589 23-20) Mar. 1987 WILLIAM T. POWERS, F. G. SHERRELL, J. H. BRIDGES, Ill, and
(AGARD-LS-150) Avail: NTIS HC A11IMF AOl f. W. BRATCHER (Sverdrup Technology, Inc., Arnold Air Force

Information is presented on the design of composite cases for Station, TN.) In AGARD, Engine Condition Monitoring: Technology
rocket motors. Typical design requirements are discussed, including and Experience 10 p (SEE N89-16780 09-06) Oct. 1988
pressure, axial and bending loads and thermal loading. Material (AGARD-CP-448) Avail: NTIS HC A20/MF AOl CSCL 21H
technology discussed includes filament winding resins and glass. An investigation of Space Shuttle Main Engine (SSME) testing
Kevlar and graphite fibers, Design features discussed include the failures identified optical eveits wfich appeared to be precursors
pressure vessel body, skirts, polar adapters and other attachments. of those failures. A program was theretore undertaken to detect
Typical qualification testing and inspection techniques are plume trace phenomena characteristic of the engine and to design
presented. Author a monitoring system, responsive to excessive actvity in thu plume,
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capable of delivering a warning of an anomalous condition By are discussed. Afterwards, the general process of the design is
sensing the amount of extraneous material entrained in the plume detailed nozzle configuration. aerodynamic contour design.
and considering engine history, it may be possible to identify selection and sizing of loners and insulators, etc -i a second
wearing of failing components in time for a safe shutdown and step, the different systems used to control the motor thrust or to
thus prevent a catastrophic event To investigate the possibilities improve the performance, such as extendible e%it cones, are
of safe shutdown and thus prevent a monitor to initiate the presented. For each step (aerodynamic, thermal and structural)
shutdown procedure, a large amount of plume data were taken the different computer programs used are presented. Author
from SSME firings using laboratory instrumentation, Those data
were used to design a more specialized instrument dedicated to N89-16909# Hercules. Inc.. Rocket C-rter. WV Aerospace
rocket plume diagnostics. The spectral wavelength range of the Products Group
baseline data was about 220 nanometers (nm) to t5 microns with COMPOSITE MOTOR CASE DESIGN
special attention given to visible and near UV. The data indicates P R EVANS In AGARD. Design Methods in Solid Rocket Motors
that a satisfactory design will include a polychromator covering t 1 p (SEE N89-16906 09-20) Apr 1988 Previously announced
the range of 250nM to t000nM, along with a continuous coverage as N87-28592
spectrometer, each having a resolution of at least 5A degrees. (AGARO-LS-t50-REV) Avail: NTIS HC At t/MF AOt
The concurrent requirements for high resolution and broad Information is presented on the design of composite cases for
coverage are normally at odds with one another in commercial rocket motors, Typical design requirements are discussed, including
instruments, therefore necessitating the development of special pressure, axial and bending loads and thermal loading Material
instrumentation The design of a polychromator is reviewed herein, technology discussed include filament winding resins and glass,
with a detailed discussion of the continuous coverage spectrometer Kevlar and graphite fibers. Design features discussed include the
delayed to a later forum. The program also requires the pressure vessel body. skirts, polar adapters and other attachments.
development of applications software providing detection, variable Typical qualification testing and inspection techniques are
background discrimination, noise reduction, filtering, and decision presented. Author
making based on varying historical data. Author N89-16910# Societe Nationale Industrielle Aerospatale.

N89-16906# Advisory Group for Aerospace Research and Saint-Medard-en-Jalles (France). Programs for Filament-Wound
Development. Neifly-Sur-Seine (France). Propulsion and Structures.
Energetics Panel. DESIGN OF FILAMENT-WOUND ROCKET CASES
DESIGN METHODS IN SOLID ROCKET MOTORS i. P. DENOST In AGARD, Design Methods in Solid Rocket
Apr. 1988 243 p In ENGLISH and FRENCH Lecture series Motors 22 p (SEE N89-16906 09-20) Apt 1988
held in London, United Kingdom, 16.19 Apr 1988, in Saint-Aubin (AGARD-LS-150-REV) Avail: NTIS HC At I/MF A0t
de Medoc, France, 2t-22 Apr. 1988, in Neubiberg. Fed Republic Aerospatale began developing methods for design and sizing
of Germany. 25-26 Apr. 1988. and in Rome, Italy. 28-29 Apr. of filament-wound rocket cases in the early 1970's Such methods
1988 Revised have since evolved to the extent that rapid design and precise
(AGARD-LS-tS0-REV. ISBN-92-835-0454-2; AD-At99356) Avail: verification means are now available. These two approaches are
NTIS HC Atl/MF A01 outlined, criticized, and their complementarity is determined. The

The current state of the art in designing solid rocket motors principle rules are outlined rhe theory is completed by
and it ir components are summarized The aim is to collect the ccnsiderations relating to materials, their implementation and
experience of several countries in using new technologies and performances, and by a description of the major principles of
new methods which have been developed over the past ten years. fabrication of this type of structure. Author

Specific sessions dealt with propellant grain, cases, nozzles,
internal thermal insulations. The question of the general N89-16911# IMI Summerfield. Kiddermmnster (England) Rocket
optimization of a solid rocket motor is emphasized. For individual Motor Design and Development.
titles, see N89-16907 through N89-16916. CONSIDERATIONS FOR DESIGNERS OF CASES FOR SMALL

SOLID PROPELLANT ROCKET MOTORS
N89-16907# Air Force Rocket Propulsion Lab.. Edwards AFB, H. BADHAM and G P. THORP In AGARD. Design Methods in
CA. Solid Rocket Motors 20 p (SEE N89-16906 09-20) Apr. 1988
ADVANCES IN SOLID ROCKET NOZZLE DESIGN AND Previously announced as N87-28594
ANALYSIS TECHNOLOGY IN THE UNITED STATES SINCE (AGARD-LS-l50-REV) Avail: NTIS HC A1t/MF A0t
1970 When manufacturing the initial design of the case or load
JOSEPH H. HILDRATH In AGARD, Design Methods in Solid bearing components for a solid propellant rocket motor, a number
Rocket Motors 15 p (SEE N89-t6906 09-20) Apr. 1988 of possible solutions may be apparent and many factors need
(AGARD-LS-150-REV) Avail: NTIS HC Alt/MF A01 consideration before the design of the individual components can

The evolution of the nozzle design and analysis in the U.S. in be finalized. The process of optimization involves consideration of
the past decade is examined. A brief summary is given of material properties, methods of manufacturing, inspection and proof
generalized design requirements along with a description of the as well as interactions with other rocket motor and missile
design evolution from tungsten and graphite based designs to the components. The various factors are considered and indications
current carbon-carbon designs. The main caused for the are given of the interactions to be taken into account. Particular
incorporation of new technologies in the design are identified. A emphasis is given to the des&In of metallic motor cases, Both
technical description of the analysis processes that are employed homogeneous and nonhomogeneous body structures are
in the design cycle is given. The verification of the analysis considered, the latter being fiber overwound metallic and strip
procedure is a vital aspect of improving the analysis capabilities. laminate structures. The relatively recent requirement of munitions
A description is also given of some of the activities which have insensitivity (resistance to fragment attack and fuel fire) is also
occurred to demonstrate the validity of the new analysis technology, discussed in relation to body construction. Author
These activities include code vs. code comparisons as well as
code vs lab measurement efforts. The code vs. measurement N89-16915# European Space Agency, Paris (France).
efforts include investigations into threaded interfaces between the DESIGN AND ANALYSIS OF SOLID ROCKET MOTOR
throat and exit cone parts and the behavior of carbon-carbon INTERNAL INSULATION
involute exit cones subjected to mulitamial loads. Author A. TRUCHOT In AGARD, Design Methods in Solid Rocket Motors

13 p (SEE N89-16906 09-20) Apr. 1986
N89,-16900# European Space Agency, Paris (France). (AGARD-LS-t50-REV) Avail: NTIS HC Al1/MF A01
DESIGN AND ANALYSIS OF SOLID ROCKET MOTOR NOZZLE The main purpose of internal insulation is to protect the motor
A. TRUCHOT In AGARD, Design Methods in Solid Rocket Motors case from the thermal environment of propellant combustion
22 p (SEE N89-16906 09.20) Apr. 1988 products. Several secondary objectives must also be mat. Internal
(AGARD-LS-150-REV) Avail: NTIS HC A1l/MF A01 insulation must bond to propelant and case, transmit case strain

The different methods are presented which are used to design into propellant and sometimes seal the case. In the first step, the
and analyze solid rocket motor nozzles. In a preliminary phase, general process of internal insulation is presented: evaluation of
the typical requirements and parameters required to desrtn a nozzle thernsal environment, selection of material, thermal and structural
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analyses. For each phase, the different analysis methods are N8-20190# Bntish Aerospace Aircraft Group. Warton (England)
described: aerodynamic, thermal and structural. Also the different Structural Engineering.
phases of internal insulation fabrication are presented: elastomer STRUCTURAL MATERIALS: THE CHANGING SCENE
formulation, fabrication of parts and integration into the motor R. I. HARESCEUGH In AGARD. Flight Vehicle Development
case. Author Time and Cost Reduction 6 p (SEE N88-20173 12-81) Sep.

1987
(AGARD-CP-424) Avail: NTIS HC AlA/MF A0l

N89-16918# European Space Agency, Paris (France). Structural materials for use on aircraft have, in the main, evolved
OVERALL OPTIMIZATION OF SOLID ROCKET MOTOR by minor development from a previously existing base. These
A. TRUCHOT In AGARD, Design Methods in Solid Rocket Motors developments, which have been by small increments, have taken
10 p (SEE N89-16906 09-20) Apr. 1988 place at a faily leisurely pace. The major exception to this in the
(AGARD-LS-150-REV) Avail: NTIS HC A11/MF A01 last two decades has been the introduction of fiber composites

The overall optimization of a solid rocket motor consists of which, while achieving a revolutionary change, has been effected
determining the most efficient configuration of the motor in terms against a protracted time scale. Developments are currently under
of range or payload of the vehicle. After a presentation o1 the way, or anticipated, which will require other revolutionary materials
general requirements of a solid rocket motor, the different design to be introduced but to much tighter time scales and against
parameters are detailed: operating conditions, geometric aircraft project requirements. Examples are identified where this
parameters and technologies used for each component. In order development should be directed and action is proposed necessary
to achieve parametric studies, a computer program was developed to ensure that the materials are developed to a common
by SEP. The principle and main characteristics of this program requirement in the required time scale. Author
are presented and two examples of application are given in order
to illustrate the possibilities of the program. Author N89-17696# Royal Armament Research and Development

Establishment, Christchurch (England).
TEST SPECIMENS FOR BEARING AND BY-PASS STRESS
INTERACTION IN CARBON FIBRE REINFORCED PLASTIC

24 LAMINATES
M. B. SNELL and G. P. BURKITT In AGARD, Behaviour and
Analysis of Mechanically Fastened Joints in Composite Structures

COMPOSITE MATERIALS 21 p (SEE N89-17685 10-31) Mar. 1988 Original document
contains color illustrations

Includes physical, chemical, and mechanical properties of laminates (AGARD-CP-427) Avail: NT(S HC A141MF A01
and other composite materials. Compact test specimens for measuring the strength interaction

behaviour of bolted joints subject to combined bearing and by-pass
stresses have been studied. Multi-bolt specimens which have been

N86-27425# Advisory Group for Aerospace Research and successfully used to study these effects in aluminum alloy were
Development, Neuilly-Sur-Seine (France). Structures and Matenals found to be unsatisfactory because of the uncertainty in load
Panel. transfer, and a new specimen based on parallel plates was
IMPACT DAMAGE TO COMPOSITE STRUCTURES developed. Bearing load at the holes is achieved through load
Feb. 1986 40 p transfer from the central carbon fiber reinforced plastic (CFRP)
(AGARD-R-729; ISBN-92-835-1517-X; AD-A167594) Avail: NTIS coupon to the parallel plates. The maximum ratio of bearing to
HC A03/MF A01 bypass loads is limited by the initial fit of the bolt and by subsequent

The impact of ballistic penetrators in fuel filled tanks generates bolt/hole deformation under load. However the specimens
high dynamic pressure loading. This damage process is generally recommended are capable of applying a wide range of
referred to as hydraulic ram. Hydraulic ram in aircraft fuel tanks bearing/bypass load ratios. Sample strength interaction envelopes
results in large damage of structural components, which in turn were produced for a Hercules IM6 fiber and Ciba-Geigy Fibredux
can lead to fuel loss or ingestion into the engines, fire and 6376 resin laminate of typical wing skin lay-up, 5.5 mm thick.
explosion. To determine the effect of hydraulic ram to an integral Both tension and compression quadrants were studied, with two
fuselage fuel tank with carbon/epoxy skin, a firing program was hole sizes, in both double shear and single shear. The interaction
established. Plane carbon/epoxy plates, bolted to an impact box, behavior was similar in both tension and compression for 6.35
were impacted with single cuboid fregments. Different mm holes in double shear. but in the case Of 9.5 mm bolts there
shock-absorbing materials used to reduce hydraulic ram pressures was less interaction in compression than in tension Countersunk
on the impact plate, were investigated to prevent propagation of fasteners in tension appeared to suffer little reduction in net
the shock wave. Multiple fragments were projected against the strength due to bearing stresses. Author
simulated fuel tank sections with carbon/epoxy skins and sandwich
design at a hit density of 25 fragments per square meter. Author N89-17699# Imperial Colt. of Science and Technology. London

(England). Dept. of Aeronautics.
THE STATIC STRENGTH OF BOLTED JOINTS IN FIBRE

N87-20178# Societe Nationale lndustrielle Aerospatiale, Toulouse REINFORCED PLASTICS
(France). Composite Structure Design Dept. F. L. MATTHEWS In AGARD. Behaviour and Analysis of
A.T.R. 42 CARBON FIBRE FLAP REPAIR DESIGN AND Mechanically Fastened Joints in Composite Structures 9 p (SEE
INSPECTION N89-17685 10-31) Mar. 1988
GUY HELLARD In AGARD The Repair of Aircraft Structures (AGARD-CP-427) Avail: NTIS HC At4/MF A01
Involving Composite Materials 9 p (SEE N87-20174 13-01) Oct. Joints in glass fiber reinforced plastics (GFRP) and Kevlar
1986 fiber reinforced plastics (KFRP) laminates show similar
(AGARD-CP-402) Avail: NTIS HC A1I/MF A0l characteristics to those in carbon fiber reinforced plastics (CFRP)

The new commuter aircraft known as ATR.42 developed jointly but with differences brought about by the low elastic modulus of
by Aerospatiale and Aeritalia is the first aircraft of its category to glass fibers, and the low compressive strength of Kevla fibers
be equipped with carbon fabric flaps. All the airlines which have Data is presented for GFRP laminates manufactured from layers
placed orders for this aircraft are not equipped with the heavy of unidirectional fiber prepreg, and for KFRP laminates
installations required for working on the composite materials. Repair manufactured from layers of balanced, bi-directional, woven fabric
schemes using a simple technology have therefore to be prepreg. Comparative data for CFRP is also given. As far as GFRP
developed. Partial or complete tests have shown that a perfect is concerned, test on single-hole joints show that the effects of
understanding of the structural ability to withstand the different width, end distance, hole size, bolt clamping pressure and stacking
types of damage was required beforehand. Repair methods using sequence are similar to those in CFRP. In general, strength levels
in situ pre-impregnation of dry fabrics have been developed with for GFRP are about 20 pct blow those for CFRP. A stronger
the relevant method. The mechanical strength of the various repairs interaction between failure modes is found for GFRP, which also
and the effects of inadequate damage repairs have been shows a greater tendency to delaminate rather than showing
investigated through tests. Author in-plane shear or tensile cracking. Due to the nature of the prepreg
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the range of possible lay-ups for KFRP is restricted. Bearing 25
strengths are generally in the range 50 to 800 MN/sq m. Overall
behavior is found to be similar to other FRP alfthoogh the ultimate INORGANIC AND PHYSICAL CHEMISTRY
failure mode is almost invariably tensile. There is evidence that
the inherent compressive characteristics of Kevlar fiber contribute
to the low bearing strength. Surprisingly, although very large hole Includes chemical analysis, e.g., chromatography; combustion

distortions are seen at failure, there is very little evidence of resin theory; electrochemistry; and photochemistry.

cracking. Author

N87-21171# Deutsche Forschungs- und Versuchsanstat fuer
Luft- und Raumlahrt. Stuttgart (Germany. F.R). Inst. fuer
Physikalische Chemie der Vertrennung.

N89-17701# Aeritalia S.p.A.. Naples (Italy). SIMULTANEOUS TEMPERATURE MEASUREMENTS WITH
JOINING OF CARBON FIBER COMPOSITE WITH FASTENERS RAMAN AND CARS IN LAMINAR FLAMES
SALVATORE PAGLIUSO In AGARD, Behaviour and Analysis of W. STRICKER, W. KREUTNER, and TH. JUST In AGARD
Mechanically Fastened Joints in Composite Structures 5 p (SEE Advanced Instrumentation for Aero Engine Components 11 p
N89-17685 10-31) Mar. 1988 (SEE N87.21170 14-31) Nov. 1986
(AGARD-CP-427) Avail: NTIS HC A14/MF A01 (AGARD-CP-399) Avail: NTIS HC A24/MF A01

This paper deals with the Aeritalia experience on drilling Spatially resolved temperature measurements in laminar
techniques and fastener selection for advanced composite premixed flames were made using Coherent Anti-Stokes Raman

assembly. Details are provided on fabrication techniques. Scattering (CARS) and spontaneous Raman spectroscopy. In the
Information is given on corrosion prevention. Author case of narrowband (scanning) CARS, the experimental

arrangement allows the performance of simultaneous temperature
measurements with both techniques. For broadband (multiplex)
CARS the measurements have to be made successively. Three
different Raman linewidth models were used for CARS data

N89-17702# Avions Marcel Dassault, Saint-Cloud (France). evaluation. The results were compared with the independently
BOLTED SCARF JOINTS IN CARBON COMPOSITE MATERIALS. recorded rotational Raman temperatures. Temperature differences
COMPARISON BETWEEN ASSEMBLIES WITH AN up to 10% were observed, depending on the linewidth model
INTERFERENCE FIT AND THOSE WITH PLAY IENTURES used. For two, more complicated linewidth models the CARS and
BOULONNEES EN MATERIAUX COMPOSITE CARBONE Reman temperatures are in good agreement. Author
COMPARAISON ENTRE MONTAGES A INTERFERENCE ET
MONTAGE A JEUI
DANIEL CHAUMETTE In AGARD, Behaviour and Analyais of N87-21172# United Kingdom Atomic Energy Authority, Harwell
Mechanically Fastened Joints in Composite Structures 10 p (SEE (England). Combustion Centre.
N89-17685 10-31) Mar. 1988 In FRENCH CARS THERMOMETRY FOR LOW AND HIGH PRESSURE
(AGARD-CP-427) Avail: NTIS HC A14MF A01 COMBUSTION SYSTEMS

Experimental results on the behavior of carbon assemblies with DOUGLAS A. GREENHALGH In AGARD Advanced
mechanical fasteners mounted with and without interference are instrumentation for Aero Engine Components 26 p (SEE
presented. interference tests have been conducted for the cases N87-21170 14-31) Nov. 1986
of unstressed joints and scarf joints. In contrast to the predictions (AGARD-CP-399) Avail: NTIS HC A24/MF A01
of elastic stress theory, interference fit is not found to have a The theory and application of broadband Coherent Anti-Styles
significant influence on the static strength of test specimens, even Raman Spectroscopy (CARS) for ambient (low) and high pressure
after fatigue loading. The present results can be explained by the combustion thermometry is discussed. The accuracy of broadband
fracture mode of the drilled composite parts which leads to CARS is assessed from 300 to 3500 Kelvin for pressures around
delamination. Author 1 bar, and from 300 to 700 Kelvin for pressures from I to 20 bar.

The use of CARS thermometry for both average and instantaneous
measurements is discussed. Systematic accuracy strongly depends
on the quality of the spectral model used in the CARS data analysis
step. CARS spectral modelling methods are discussed with

N89-17705# National Aeronautical Establishment, Ottawa particular reference to important recent developments. Instan-
(Ontario). Structures and Materials Lab. taneous CARS accuracy is importantly influenced by noise
BEHAVIOUR OF MECHANICALLY FASTENED JOINTS IN arising in both the broadband dye laser and the multichannel
ADVANCED COMPOSITES detector. Both of these factors, and their relative influences are
C. POON and R. GOULD In AGARD, Behaviour and Analysis of assessed. The application of CARS thermometry is illustrated by
Mechanically Fastened Joints in Composite Structures 14 p (SEE application to both in-cylinder studies of an operating production
N89-17685 10-31) Mar. 1988 ic. petrol engine and to turbulent combut'ion in an oil-fired 30
(AGARD-CP-427) Avail: NTIS HC A14/MF AOI kilowatt furnace. Author

Experimental results obtained to date from an on-going test
program are presented. The purpose of this program is to evaluate
the performance of mechanical fastener systems in Narmco NS7-21173# Sandia National Labs., Albuquerque, NM.
IM615245C, a high strain/tough resin composite identified as a Combustion Research Facility.
promising material system for new aircraft designs. Preliminary ACCURATE MEASUREMENTS OF COMBUSTION Qr "ES
results obtained from tensile tests on open-hole specimens and CONCENTRATIONS USING CARS
double-lap joints were used to characterize the notch strength R. L. FARROW In AGARD Advanced Instrumentation - Aero
and the bearing strength as influenced by the effect of design Engine Components 16 p (SEE N87-21170 14-31) Nov. 1986
parameters involving geometric ratios, hole size and fastener (AGARO-CP-399) Avail: NTIS HC A24/MF A0l
torque. A constant amplitude tension-compression (R = -1) fatigue Results are given of research at the Combustion Research
test was performed on a double-lap composite joint to assess a Facility, Sandia National Laboratories, on improving the capabilities
simple and effective technique based on hysteresis measurements of Coherent Anti-Stokes Reman Spectroscopy (CARS) for species
for monitoring progressive elongation by as much as 26 pct at concentration measurements in combustion gases. Scanning CARS
the end of the fatigue test. This was explained by the observation experiments based on single- and multi-mode Nd:YAG lasers, and
that graphite particles formed during the fatigue test reduce the on pulse-amplified and conventional pulsed dye lasers have been
clearance between the hole and the pin. Single-shear used to evaluate an in situ normalization technique, to measure
compositeltitanium joints were tested to evaluate three fastener Raman linewidths in flames, and to determine nonresonant
systems designed specifically for composite applications. Four electronic susceptibilities. Exper-,nental and theoretical considera-
single-shear joints were tested to date to the ultimate tensile tions affecting concentration measurement accuracy are dis-
strength. Author cussed. Author
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N87-21174# Defence Research Establishment Ottawa. by the standard NATO F-40 fuel and a proposed alternative fuel,
(Ontario). the AGARD Research Fuel. The calculations were performed using
NONLINEARITY AND SINGLE SHOT NOISE PROBLEMS IN a reacting, two phase, two-dimensional flow code which utlzes a
CARS SPECTROSCOPY Lagrangian calculation of droplet trajectories and an Euleian
D. R. SNELLING. G. J. SMALLWOOD. R. A. SAWCHUK, and T. approach for the gas phase flow field. Interactions between the
PARAMESWARAN In AGARD Advanced Instrumentation for Aero drops and the gas phase were accomplished through the particle
Engine Components 19 p (SEE N87-21170 14-31) Nov. 1986 in cell technique with exchange of mass, momentum and energy
(AGARD-CP-399) Avail: NTIS HC A24/MF A0l between the two phases. A global reaction scheme was used

The design and operation of a Coherent Anti-Stokes Raman with the reaction rate determined by the minimum of either an
Spectroscopy (CARS) spectrometer and its use to perform accurate Arrhenius rate or mixing rate. Fuel property changes which affect
temperature measurements in a simple laboratory flat-flame buner droplet size and volatility were shown to have significant effects
are discussed. Instrumental sources of systematic error and noise on droplet trajectory patterns. However, for the flow field examined.
in CARS temperature measurements are discussed. An analysis these trajectory changes only moderately modify the fuel
of the system noise is presented and the use of the measured vaporization pattern within the spray. Author
noise to perform weighted least mean squares fits of experimental
and theoretical CARS spectra is discussed. The use of a weighted NSS-29913# Purdue Univ.. West Lafayette, IN. School of
fit is shown to markedly improve the precision of single pulse Mechanical Engineering.
CARS temperature measurements. Finally, the incorporation of ATOMIZATION OF ALTERNATIVE FUELS
some recent advances in CARS theory which have resulted in ARTHUR H. LEFEBVRE In AGARD, Combustion and Fuels in
more computationally efficient algorithms for calculating theoretical Gas Turbine Engines 14 p (SEE N88-29910 24-25) Jun. 1988
CARS spectra and their effect on the accuracy of temperature (AGARD-CP-422) Avail: NTIS HC A22/MF AOl
measurements p,-e discussed. Author The influence of atomization quality on several key aspects of

combustion performance is reviewed. The performance parameters
N87-21175# Office National d'Etudes at de Recherches considered include combustion efficiency, lean blowout, and lean
Aerospatiales, Paris (France). lightup, and also the pollutant emissions of carbon monoxide,
APPLICATION OF CARS THERMOMETRY TO A TURBULENT unburned hydrocarbons, oxides of nitrogen, and smoke. The fuel
FLAME [APPLICATION DE LA METHODE ORASC A LA MESURE properties of importance are described and equations are presented
DE LA TEMPERATURE DANS UNE FLAMME TURBULENTE) for estimating the effects of changes in fuel properties on spray
PHILIPPE MAGRE, PIERRE MOREAU, GERARD COLLIN, and characteristics for the main types of fuel nozzle employed in aero
MICHEL PEALAT In AGARD Advanced Instrumentation for Aero gas turbines, namely plain orifice, pressure swirl, and airblast
Engine Components 19 p (SEE N87-21170 14-31) Nov. 1986 atomizers. The anticipated effects on atomization of changes from
In FRENCH; ENGLISH summary conventional to alternative fuels is discussed. Author
(AGARD-CP-399) Avail: NTIS HC A24/MF A01

The good spatial and temporal resolution of broad-band NBS-29914# Centre d'Etudes et de Recherches. Toulouse
Coherent Anti-Stokes Raman Spectroscopy (CARS) diagnostic is (France).
suitable for turbulent flows and allows instantaneous temperature SIMULATION STUDY OF SPRAYING, STREAMING AND
measurements in the reaction zone. From these instantaneous VAPORIZATION PHENOMENA ASSOCIATED WITH FUEL
values, temperature probability density functions (PDF) are built. INJECTION [ETUDE PAR SIMULATION DES PHENOMENES DE
CARS thermometry is applied to a high velocity premixed flame. PULVERISATION, DE RUISSELEMENT ET DE VAPORISATION
The combustion of an air-methane flow (u approx. equal to 55 LIES A L'INJECTION DE CARSURANT
m/s, T approx. equal to 560 K, equivalence ratio = 0.8) in the P. HEBRARD and G. LAVERGNE In AGARD, Combustion and
combustor is ignited and stabilized by a parallel flow of hot gases Fuels in Gas Turbine Engines 13 p (SEE N88-29910 24-25) Jun.
(u approx. equal to 110 mis, T approx. equal to 2000 K). The 1988 In FRENCH
nxing of the two flows without combustion (equivalence ratio = (AGARD-CP-422) Avail: NTIS HC A22/MF A01

0) is also studied as well as combustion stabilized by a step Combustion modeling requires a knowledge of the limit
replacing the hot gases. Author conditions and the physical models that can often be provided

only through experience. Such an experimental'y-based approach
N8S-29910# Advisory Group for Aerospace Research and for studying injection-associated phenomena, involving simulation
Development, Neuilly-Sur-Seine (France). Propulsion and starting from experimental measurements, is presented. An
Energetics Panel. evaluation of the performances of the different types of injectors
COMBUSTION AND FUELS IN GAS TURBINE ENGINES used in the combustion chambers is carried out through particle
Jun. 1988 515 p In ENGLISH and FRENCH Symposium size analysis: local distbution of size. the Sauter mean diameter.
held in Chania, Greece, 19-23 Oct. 1987 and measurements of drop concentration. Models describing the
(AGARD-CP-422; ISBN-92-835-0465-8; AD-A202495) Avail: phenomena of evaporation, acceleration and impact of drops on
NTIS HC A22/MF A01 a hot wall were tested experimentally. The modeling of premixed

The attention of combustor designers and researchers has fuel injection with a prevaporization type injector is discussed as
focused upon two main factors: the identification of the significance an example of a modeling approach using experimental results.
of fuel degradation upon combustion design and performance. Author
and the potential prizes to be gained by the development of
better design techniques. The aim of the conference was to review N88.29915# Karlsruhe Univ. (Germany, F.R.). Lehrstuhl und
progress made in these areas under four main subject headings: Inst. fuer Thermische Stroemungsmeaschinen.
namely, alternative uels and fuel injection. combustor development, TURBULENCE EFFECTS ON THE DROPLET DISTRIBUTION
soot and radiation, and the development of mathematical models BEHIND AIRBLAST ATOMIZERS
for the design of gas turbine combustors. For individual titles, see S. WIITIG, W. KLAUSMANN, and B. NOLL In AGARD,
N88-29911 through N88-29951. Combustion and Fuels in Gas Turbine Engines 13 p (SEE

N88-29910 24-25) Jun. 1988 Sponsored in pert by the
N1-2912# Illinois Univ., Urbana-Champaign. Dept. of Forsohunbsvereinigung Verbrennungskraftmaschinen, e.V., and
Mechanical and Industrial Engineering. German National Science Foundation, Fed. Republic of Germany
ALTERNATIVE FUEL SPRAY BEHAVIOR (AGARD-CP-422) Avail: NTIS HC A22/MF A01
J. P. ASHEIM and J. E. PETERS In AGARD, Combustion and Turbulent fluctuations of the airflow in gas turbine combustion
Fuels in Gas Turbine Engines 16 p (SEE N88-29910 24.25) Jun. chambers have decisive influence on the mixing of fuel droplets
1988 and air both in premixing regions and primary zones. Detailed
(AGARD-CP-422) Avail: NTIS HC A22/MF AOl measurements in a recirculating, droplet charged airflow in a

The effects of alternative fuels on the combustion characteristics combustor model are conducted with an optical diffraction type
of a liquid fuel sprays were examined. Fuel properties were particle sizer. These investigations yield information about the local
systematically varied and the effects of thes variations on the fuel concentrations as well as the local concentration weighted
structure o the spray flames were calculated. In addition, a diameter distributions under cold and hot airflow conditions, The
comparison was made of the differences in two spray flames fueled spray is produced by a prefllming airbiast nozzle, which is built
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into the combustor model. The calculation ot the above mentioned N88-29919# Cranfied Inst. of Tech., Bedford (England). School
quantities using a new computational model shows that in of Mechanical Engineering.
considering turbulence fluctuations significant improvement of the SPRAY PERFOnMANCE OF A VAPORIZING FUEL INJECTOR
results is obtained and excellent agreement between predicted A. K. JASUJA and H. C. LOW (Rolls-Royce Ltd., Bristol. England)
and measured values is achieved. Therefore, the results indicate In AGARD, Combustion and Fuels in Gas Turbine Engines 13
that turbulence can be one of the major influencing parameters p (SEE N88-29910 24-25) Jun. 1988
on droplet distribution. Author (AGARD-CP-422) Avail: NTIS HC A22/MF A01

The spray performance of a vaporizer fuel injector of a type
Nes-29916# United Technologies Research Center, East Hartford, that has accumulated extensive service experience in sub- and
CT. super-sonic commercial and military aircraft applications is
NOZZLE AIRFLOW INFLUENCES ON FUEL PA'TERNATION examined. Spray performance data covers a wide range of
T. J. ROSFJORD ard W. A. ECKERLE (Clarkson Univ., Potsdam, operating conditions including the effects of fuel quality as well as

N.Y.) fn AGARD, Combustion and Fuels in Gas Turbine Engines the atomizing air temperature. The objective is to further not only

12 p (SEE N88-29910 24-25) Jun. 1988 Previously announced the current level of understanding regarding the fundamental
in IAA as AB-44765 functional aspects of vaporizer technology but also the data base

(Contract F33615-85-C-2515) for future designs. Author

(AGARD-CP-422) Avail: NTIS HC A221MF A01 NSS-29920# Laval Univ. (Ouebec). Dept. du Genie Mecanique.
The velocity and turbulence levels downstream of eight THE CHARACTERIZATION OF COMBUSTION BY FUEL

variations of a model gas turbine, aerating, fuel nozzle were COMPOSITION: MEASUREMENTS IN A SMALL
measured. The nozzle configurations were assemblies which CONVENTIONAL COMBUSTOR
purposefully altered the airflow in a swirler or contouring swirl D. KRETSCHMER and J. ODGERS In AGARD, Combustion and
vane trailing edges. Data were acquired by a traversing, two Fuels in Gas Turbine Engines 10 p (SEE N88-29910 24-25) Jun.
component laser velocimeter in planes 0.060 in. or 2.50 in. 1988 Sponsored by National Defenca Canada
downstream from the nozzle exit. Analyses of these data indicated (AGARD-CP-422) Avail: NTIS HC A22/MF A01
that very symmetric flow fields can be produced. Such control
was easier to achieve for the airflow than the fuel, supporting the In a continuing program on the effects of fuel properties on

suppowas he combustion, some 20 pure hydrocarbons and synthesized fuels
position that nozzle pafternation quality was more dependent on
the fuel distribution in the nozzle. The presence of swirler wakes were tested at atmospheric conditions in a one third scale version
theufuelwdisrtined tof an aircraft type combustor. This combustor used a Simplex
could always he discerned at the nozzle exit; the extreme variationsprsuejtaoir.Ecfelwsbndovraagef
imposed by coarse swirlers could dominate the flow. Such airflow type pressure jet atomizer. Each fuel was burned over a range ofinfluences were not apparent in the velocity profiles at downstream air-fuel ratios, and at each condition, a full exhaust gas analysis
iflucs Hweer thpre in thenvelocityprfile at dowstrfuems was done, exhaust temperature distribution was measured, as also
locations. However, their influence in connecting a higher fuel mass wek extinction. The results and their implications are discussed.
flux persisted from the nozzle exit and produced extreme variations wuthor
in the spray pattern. Author Author

N88-29921# Office National d'Etudes et de Recherches
NSS-29917# National Research Council of Canada, Ottawa Aerospatiales, Palarseau (France).
(Ontario). Div. of Mechanical Engineering. FLAME STABILIZATION IN A REHEAT COMBUSTOR
MULTIPLE SCATTERING EFFECTS IN DROP SIZING OF DENSE A. CADIOU In AGARD, Combustion and Fuels in Gas Turbine
FUEL SPRAYS BY LASER DIFFRACTION Engines 10 p (SEE N88-29910 24-25) Jun. 1988 In FRENCH;
OEMER L GUELDER In AGARD, Combustion and Fuels in Gas ENGLISH summary
Turbine Engines 15 p (SEE N88-29910 24-25) Jun. 1986 (AGARD-CP-422) Avail: NTIS HC A22/MF A01
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 In a reheat burner, combustion is stabilized with flameholders.

Practical schemes to correct the effect of multiple scattering The stabilization depends on the following parameters: Mach
in a dense drop field on the measured distribution parameters by number, temperature, pressure and equivalence ratio of the flow.
laser light scattering based spray sizing techniques are presented. flameholder geometry. Many experimental measurements have
An experimental study, involving multi-modal distributions and drop allowed the calculation of a correlating parameter including the
field which can not be adequately described by single mode two Mach number and the temperature. For the geometry, studies on
parameter distribution, is described. Data from the experimental linear stabilizers in two-dimensional flows have shown that the
progra,'n were employed to develop empirical expressions to correct height of the stabilizer is a convenient parameter. An accurate
the measured spray parameters at high obscuration levels, experimental study of the recirculation zone downstream annular
Accuracies of the proposed expressions are acceptable for flameholders in a axisymmefric flow have pointed out the effect
engineering applications, and comparable to the accuracies of another geometrical parameter, the diameter of the flamerolder.
involved in conversion of light scattering data to drop size The experimental results have improved the knowledge of the
information. Author flame stabilization mechanism downstream annular flameholders.

Author
N88-29918# Deutsche Forschungs- und Versuchssnstalt fuer
Lull- und Raumfahrt, Cologne (Germany, F.R.). Inst. fuer N8829922# Rolls-Royce Ltd., Bristol (England)
Antrebstechnik. HIGH PERFORMANCE TURBOFAN AFTERBURNER SYSTEMS
INFLUENCE OF OPERATING CONDITIONS ON THE A. SOTHERAN In AGARD, Combustion and Fuels in Gas Turbine
ATOMIZATION AND DISTRIBUTION OF FUEL BY AIR BLAST Engines 10 p (SEE N88-29910 24-25) Jun. 1988
ATOMIZERS (AGARD-CP-422) Avail: NTIS HC A22/MF A01
M. CAD, H. EICKHOFF, F. JOOS, and B. SIMON (Technische The modern turbofan afterburner is characterized by its high
Univ., Munich, West Germany ) In AGARD, Combustion and boost and efficiency and by its compact geometry which is achieved
Fuels in Gas Turbine Engines 8 p (SEE N8-29910 24-25) Jun. by locating the flameholding baffles immediately downstream of
1988 Sponsored by the Federal German Ministry of Research the turbine exhaust plane of the engine core and bypass gas
and Technology. Berlin stream. At the confluence, the stream divider may be a simple
(AGAHD-CP-422) Avaii: NTIS HC A22IMF A01 cylinder or it may be of lobed configuration to -ncourage mixinw

The performance of a gas turbine combustion chamber depends between the two gas streams in the downstream jet pipe in order
essentially on the distribution of the fuel in the primary zone. to improve the unboosted thrust of the engine. The geometry of
Ignition, stability of combustion, wall temperatures, and smoke and the afterburner hardware must be adapted to suit the choice of
pollutant emission are all affected. Maintaining a fixed geometry, mixed or unmixed configurations. In flight, selection of the
the droplet size and spray angle under vanation of the air pressure afterburner must be fast .nd reliable under all flight conditions
drop at constant temperature were measured using two lest liquids with times to full thrust of the order of only a second or two.
in an air blast atomizer system. Correlation equations were provided Both the light up and the subsequent acceleration to full thrust
for both variables. Known correlations were confirmed for the are expected to be smooth with no excessive initial thrust jump.
droplet size. The spray angle is pressure related, increasing very Synchronization and matching of the afterburner fuel with the
rapidly with increasing pressure. Author variable final nozzle must be accurate at all times to maintain the
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engine turbomechinery on its required running lines. The afterburner NSS-29926# California Univ.. Irvine. Combustion Lab.
must always be free of combustion driven pressure oscillations THE PERFORMANCE OF A SURROGATE BLEND IN
which can occur either in cross stream modes or in longitudinal SIMULATING JP-4 IN A SPRAY-FUELED COMBUSTOR
modes, both of which can be mechanically damaging and, in some G. S. SAMUELSEN and C. P. WOOD In AGARD. Combustion
cases, cause fan surge and other intolerable effects in the engine. and Fuels in Gas Turbine Engines 6 p (SEE N88-29910 24-25)
The afterburner must incorporate appropriate measures to avoid Jun. 1988 Sponsored in part by the Naval Air Propulsion Center
various potential thermal problems inctucing fuel boiling and (Contract F08635-86-C-0309)
gumming in the supply manifolds and excessive heat transfer to (AGARD-CP-422) Avail: NTIS HC A22/MF A01
the jet pipe and aircraft engine bay. Author A surrogate fuel was developed to simulate the atomization

and combustor performance of a practical distillate JP-4. The

N81-21123# Technische Univ.. Munici, Germany, F.R.). MTU surrogate is comprised of 14 pure hydrocarbons and formulated

Motoren- und Turbinen-Union. based on the distillation curve and compound of the distillate

COMPARISON OF THE PERFORMANCE OF A REVERSE FLOW parent. In previous work, the atomization performance (evaluated

ANNULAR COMBUSTION CHAMBER UNDER LOW AND HIGH in terms of the atomization quality in an isothermal chamber), and

PRESSURE CONDITIONS the combustor performance (evaluated in terms of the velocity

F. JOOS and 9. SIMON In AGARD, Combustion and Fuels in and thermal fieldr in a spray fueled combustor) were found to be

Gas Turbine Engines 10 p (SEE N88-29910 24-25) Jun, 1988 equivalent for the parent and surrogate JP-4. The sooting

Sponsored by the Federal Germ.n Minisuy of Research and performance of the two fuels is addressed, as well as two reference

Development, Berlin fuels (a JP-S and isooctane) of purposefully disparate properties.

(AGARD-CP-422) Avail: NTIS HC A22/MF A0l The sooting performance of the parent and surrogate JP-4 are

Combustor development testing is usually carried out under nearly identical, and distinctly different from that of either the JP-5

different pressure conditions; low pressure burning test for the or the isooctane. The surrogate represents, as a result an attractive

optimization of the fuel distribution inside the combustor and high fuel blend for the study of fuel compositional effects on the sooting

pressure tests for demonstrating the desired performance, performance of petroleum fuels in spray fueled combustor.

Comparison of the results under these two test conditions often Author

reveal discrepancies, especially in wall temperatures and exit
temperature patterns, which cannot be attributed simply to the NGS-29927# Michigan Univ., Ann Arbor. Dept. of Aerospace

greeter flame radiation and heat release rate associated with the Engineering.

tests at high pressure. Another cause, in particular, lies in RADIATION FROM SOOT-CONTAINING FLAMES
differences in the fuel distribution in the primary zone as a function G. M, FAETH, J. P. GORE, and Y. R. SIVATHANU In AGARD.
otf pressure conditions. This phenomenon is demonstrated by Combustion and Fuels in Gas Turbine Engines 12 p (SEE
measurements and 3-D 2-phase flow field calculations. Author N88-29910 24-25) Jun. 1988

(Contract NBS-60-NAN-135D-0576)
(AGARD-CP-422) Avail: NTIS HC A22/MF A0l

N8-2924# Imperial Coll. of Science and Technology, London The thermal radiation properties of turbulent soot containing
(England). Fluids Section. diffusion flames are considered, treating: scaler structure, excluding
FLOW CHARACTERISTICS OF A MODEL ANNULAR soot; soot properties; and turbulence/radiation interactions. The
COMBUSTOR laminar flamelet concept, implying universal correlations of scalar
A. F. BICEN, D. TSE, and J. H. WHITELAW In AGARD, properties as a function of mixture fraction appears to be effective
Comb',stion and Fuels fri Gas Turbine Engines 13 p (SEE for estimates of scalar structure needed for analysis of flame
N88-29910 24-25) Jun. 1988 Sponsored by Rolls Royce Pic radiation. Extension of the laminar flamelot co-.ep, t -t vc!:-
and the Ministry of Defence, United Kingdom fractions was also encouraging; however, universality is cruder
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 than for gas properties due to effects of finite rate chemistry.

Measurements are reported of the velocity and passive scalar Turbulence/radiation interactions were studied by comparing
characteristics of the isothermal flow in a model combustor which radiation perdictions based on statistical simulation of scalar
comprises a T-vaporizer and two rectangular sectors of an annular properties along a radiation path (stochastic analysis) with
combustor similar to one used in small gas turbine engines. Mean conventional results using time averaged properties along the path.
temperatures were also obtained in a reacting flow with an overall Stochastic predictions of spectral radiation intensities are found
equivalence ratio similar to that of takeoff cunditions. The results to be 40 to 100 percent higher than mean property predictions in
were obtained with a combination of laser velocimtry, luminous turbulent diffusion flames, suggesting significant effects
thermocouples and probe techniques and quantify the effects of of turbulence/radiaion interactions. Author
flow asymmetries in the vaporizer fuel arrangement and of different
alignments of the primary holes with respect to the vaporizer N1-29928# Cranfield Inst. of Tech., Bedford (Englandl. School
position. Flow visualization results are also included to indicate of Mechanical Engineering.
the general features of the combustor flow. Author FLAMELET CHEMISTRY MODELLING OF SOOT FORMATION

FOR RADIATION
NSS-29925# Southwest Research Inst., San Antonio, TX. J. B. MOSS, C. D. STEWART, and K. J. SYED /n AGARD,
FUEL EFFECTS ON FLAME RADIATION AND HOT-SECTION Combustion and Fuels in Gas Turbine Engines 12 p (SEE
DURABILITY N88-29910 24-25) Jun. 1988 Sponsored in part by Ministry of
C. A. MOSES and P. A. KARPOVICH (Naval Air Propulsion Test Defence, Pyestock, United Kingdom, Science and Engineering
Center, Trenton, N.J.) in AGARD, Combustion and Fuels in Gas Research Council and British Gas, United Kingdom
Turbine Engines 16 p (SEE N88-29910 24-25) Jun. 1988 (AGARD-CP-422) Avail: NTIS HC A22/MF A01
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 The development of generalized models for radiative heat

The results of combustor experiments relating to fuel effects transfer in the gas turbine requires the detailed prediction of the
on combustor durability are summarized and analyzed with respect turbulent scalar fields, most notably for temperature, the prinpal
to Navy aircraft operations and maintenance. By combining ife gaseous species and particulate soot. Mixing limited descriptions
ratio models with data on mission profiles, models were developed of the turbulent combustion process have proved quite successful
that predict the impact of flying an aircraft on a fuel of reduced in modeling the effects of heat release on the flow field. However,
hydrogen content in terms of the combustor life lost in flying a the chemical aspects of the problem, fuel specific features and
typical mission. To determine the effect of decreasing hydroges the multi component composition, are poorly reproduced. Laminar
-,rtent on maintenance requirements, the life ratio models were flamelet modeling currently offers the best prospect for
combined with data obtained from maintenance depots on incorporating realistic complex chemistry into the computations. A
combustor life along with information on the importance of strategy is described to extend laminar flamelet modeling of
combustor life in determining engine Overhaul schedules. From turbulent non-premixed hydrocarbon combustion to include a
thiS, it was possible to identify which engines or aircraft would be simplified mechanism for soot formation. In the abcence of a
most affected by decreases in hydrogen content, and at what widely applicable multistep kinetic mechanism the formation rate
point increases in maintenance requirements are likely to be must be inferred from deLaled measurement but comparatively
realized. Author comprehensive flow field modeling Is necessary to distinguish fluid
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mechanic and chemical kinetic effects and hence interpret the N88-29932# Technische Hochschule, Darmstadt (Germany. F.R.).
observations in model terms. Author Inst. fuer Physikalische Chemie.

LARGE IONIC SPECIES IN SOOTING ACETYLENE AND
BENZENE FLAMES

N8-29929# Institute Superior Tcnico, Lisbon (Portugal). Dept. PH. GERHARDT, K. H. HOMANN, S. LOEFFLER. and H. WOLFof mechanical Engineering. // AGARD, Combustion and Fuels in Gas Turbine Engines I1 p

RADIATION TRANSFER IN GAS TURBINE COMBUSTORS (SEE N88-29910 24-25) Jun. 1988 Sponsored by Deutsche
M. G. CARVALHO and P. J. M. COELHO In AGARD, Combustion Forshcungagemeinschaft and Fonde der Chemischen Industrie,
and Fuels in Gas Turbine Engines 22 p (SEE N88-29910 24-25) Fed. Republic of Germany

Jun. 1988 Sponsored by Instituto Nacional de Investigacao (AGARD-CP-422) Avail: NTIS HC A22/MF A01
Cienti ca, Lisbon. Portugal Ionic species with masses from 24 to 10.000 u were studied

(AGARD-CP-422) Avail: NTIS HC A22/MF AO in premixed, fuel-rich. low-pressure acetylene and benzene flames
The prediction of the local flow. heat transfer and combustion by means of a time-of-flight mass spectrometer. Total positive

processes inside a three-dimensional can combustor chamber of and negative ion concentrations in the flame were also determined

a gas turbine is presented. A 3-D numerical solution technique is by sampling ions from a beam. The mass spectrum of positive

used to solve the governing time averaged partial differential poly-yne ions corresponds to two different Poisson distributions
equations and the physical modeling for the turbulence, combustion for the groups C sub 2nH sub 3(+) and C sub 2n + 1 H sub

and thermal radiation. The heat transfer modeling is emphasized. 3(+) respectively. THese ions are not related to soot formation.

A method to calculate the distribution of temperature, radiative The growth of polycyclic aromatic hydrocarbon ions. however. could

heat flux and total heat flux of the liner is described. The be followed up to a mass of about 2000 u where coagulation

implications of neglecting radiative heat transfer in gas turbine started resulting in ions of about 4000 u which then grew further.

combustion chamber calculations are discussed. The influence of The relative volume fractions of charged and neutral soot was

working pressure on the radiative heat transfer is investigated determined using a method of soot deposition in vacuum. The

comparing the radiative heat flux and the temperature distribution results can be interpreted by a partial-equilibrium model. Polyhedral

of the liner for three different working pressures: 5, 15 and 25 carbon ions were detected as a completely new class of flame

bar. Author ions similar to those found in the laser-evaporation of graphite.
The C sub 60(+) is the dominant positive ion of this group, while
C sub 50(+) and a broad distribution of C sub 2n(-) with 2n up to

N88-29930# Royal Aircraft Establishment, Farnborough (England). about 210 are characteristic for the negative polyhedral ions.

Propulsion Dept. 
Author

GAS TURBINE SMOKE MEASUREMENT: A SMOKE
GENERATOR FOR THE ASSESSMENT OF CURRENT AND
FUTURE TECHNIQUES
S. P. GIRLING In AGARD, Combustion and Fuels in Gas Turbine
Engines 10 p (SEE N88-29910 24-25) Jun. 1988 N88-2933# Leeds Univ. (England). Dept. of Fuel and Energy.
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 RATES OF FORMATION OF SOOT FROM HYDROCARBON

Smoke measurement from gas turbine engines is one FLAMES AND ITS DESTRUCTION
jfL. .,iiai:,; lec'::.qu iat remains, literally, a black art. Current J. MULLINS, B. SIMMONS. and A. WILLIAMS In AGARD,
methods are inaccurate, slow, insensitive and unable to detect Combustion and Fuels in Gas Turbine Engines 14 p (SEE
transients. A smoke generator was developed capable of N88-29910 24-25) Jun. 1988 Sponsored by lEA, Lucas-CAV
generating by pyrolysis of aviation kerosene, stable levels of smoke Ltd, British Gas Plc and SERC, United Kingdom
for prolonged periods, representative of that from engines. Particle (AGARD-CP-422) Avail: NTIS HC A22/MF A01
size measurements have enabled the comparison of smokes from The equations that were proposed in the literature to describe
different sources and provided a greater understanding of the the rate of soot formation in hydrocarbon flames are surveyed.
problems of representative sampling using currently approved Recent work using a shock tube to measure soot formation rates
methods. Several alternative measurement techniques were is outlined and the correlation equation proposed compared with
evaluated using the smoke generator, precluding the need for that of other workers. Data on the rate of combustion of soot
expensive engine testing. This has promoted research into particles are also outlined and combined with recent measurements
instrumentation that will give a truer indication of particulate criteria to give an overall soot oxidation rate expression. The two equations
of interest to the engine designer and customer, for example truer are combined to give an expression suitable to describe soot
visibility and erosiveness. Author formation and burn out for gas turbines and tested to a limited

degree. Author

NS-29931# Karlsruhe Univ. (Germany, F.R.). Lehrstuhl und
Inst. fuer Thermische Stroemungsmaschinen.
PARTICLE SIZE MEASUREMENTS IN SOOTING COMBUSTION
SYSTEMS N88-29934# Goetfingen Univ. (Germany, F.R.). Inst. fuer
S. WITTIGN and H.-J. FELD In AGARD, Combustion and Fuels Physikalische Chemie.
in Gas Turbine Engines 11 p (SEE N88-29910 24-25) Jun. 1988 THE INFLUENCE OF PRESSURE ON SOOT FORMATION
Sponsored in part by Stiftung Volkswagen AG, Fed. Republic of H. GG. WAGNER In AGARD, Combustion and Fuels in Gas
Germany Turbine Engines 11 p (SEE N88-29910 24-25) Jun. 1988
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 (AGARD-CP-422) Avail: NTIS HC A22/MF A01

Radiation effects cAused by the presence of soot particles are The influence of pressure on soot formation was investigated
of dominant influence in gas turbine combustors, especially on for pyrolysis. premixed flames, and diffusion flames. Detailed kinetic
the stress distribution in the flame tube. In studying the two-phase studies are available for the first two. It is shown that the essential
flow within and after the combustor experimentally, a wide spectrum steps: particle inception, induction time (tau), coagulation. and
of soot particle and fuel droplet sizes is to be considered. Two surface growth remain similar for different pressures, also the
optical measuring techniques were used throughout. First, the influence of temperature on the maximum amount of soot formed.
dispersion quotient (DQ) technique was applied to determing the Tau for pyrolysis depends on the carbon density, strongly on
size of the early soot particles, i.e.. in the small-diameter temperature, and only slightly on pressure. The coagulation rate
range. The second method, the well established Multiple- constant decreases slightly towards higher pressures. The amount
Radio-Single-Particle Counter (MRSPC), was used to mea- (f sub v) of soot formed per cubic cm for a given fuel-sir mixture
sure the larger particle sizes, i.e., fuel droplets and soot. increases with pressure P like P sup n, n was found for C(sub
Furthermore. attention was focused on data acquisition- and 2)H(sub 4)-air up to 3, for ther fuels near one. it depends on
analysis-techniques. Experimental results were obtained from pressure. Larger (f sub v) means larger soot particles, larger
measurements in a combustor with high concentration of soot radiation losses and longer oxidation time st a given temperature
particles and in the exhaust gas of a gas turbine Author and therefore higher chance for smoke emission. Author

107



25 INORGANIC AND PHYSICAL CHEMISTRY

N&8-29935# General Electric Co.. Cincinnati. OH. Aircraft transport is taken into account by the standard k, -model. As a
Engines. test-case, the turbulent flow through a model combustor with
NUMERICAL MODELS FOR ANALYTICAL PREDICTIONS OF variable cross-sectional area an dilution air jets is considered.
COMBUSTOR AEROTHERMAL PERFORMANCE The results of the computations are compared with measurements
CHARACTERISTICS as well as with finite-difference calculations of other available codes
D. L BURRUS, W. SHYY, and M. L BRAATEN (General Electric utilizing orthogonal coordinates especially adapted for this
Co., Schenectady. N.Y.) In AGARD, Combustion and Fuels in geometry. The advantages of the new non-orthogonal approach
Gas Turbine Engines 25 p (SEE N88-29910 24-25) Jun. 1988 are demonstrated. It is shown that the proposed mathematical
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 model serves as a powerful tool for the computation of turbulent

An overview of the work performed at GE Aircraft Engines separated flows in ducts with complex geometries pertinent to
under an ongoing program to develop and improve the modern gas turbine combustors, especially those of the reverse-
sophisticated analytical models for the design and analysis of flow type. Author
aircraft turbine engine combustors is presented. This effort has
focused on the full three-dimensional (3-0) elliptic combustor
internal flow model. The objectives of the program are reviewed.
The progress made in the past five years is discussed starting
with the initial application and assessment of first generation 3-D
combustor models based on cartesian grids, progressing to the
development and recent application of an improved second N88-29939# Politecnico di Milano (Italy). Dipt. di Energetica.
generation 3-0 combustor model based on a body fitted generalized NUMERICAL MODELING OF COMBUSTION PROCESSES IN
curvilinear gnd. Finally, a brief review of planned future modeling GAS TURBINES
activities to be conducted under this program will be discussed. L. GALFETTI, M. BELLI, and C. BRUNO (Consiglio Nazionale delle

Author Ricerche, Peschiera Borroeo. Italy ) In AGARD, Combustion
and Fuels in Gas Turbine Engines 14 p (SEE N88-29910 24-25)

N8S-29936# General Motors Corp., Indianapolis. IN. Gas Turbine Jun. 1988 Prepared in cooperation with National Center for
Div. Energetics and Propulsion, Peschiera Borromeo. Italy
GAS TURBINE COMBUSTION MODELING Status Report (AGARD-CP-422) Avail: NTIS HC A22/MF A0t
HUKAM C. MONGIA In AGARD, Combustion and Fuels in Gas The indications coming from fundamental turbulence research
Turbine Engines 14 p (SEE N88-29910 24-25) Jun. 1988 were incorporated in combustor modeling without a systematic
(AGARD-CF-422) Avail: NTIS HC A22/MF AOl analysis of their effect on predictions. Comparisons are presented

To effectively use multidimensional models for gas tubine between finite rate (overall) kinetics and equilibrium in their
combustor design and develop,.% .: Ctiviwtt, a method is influence on the structure of the recirculation region attached to a
presented to compute aerothermal performance parameters disk flame-holder. The effect of including density gradient terms
including CO. unburned hydrocarbon, NOx and smoke emissions; in the k-epsilon turbulence model is also examined. The results
lean blowout and ignition fuel/air ratios, and pattern factor. To indicate that the fluid dynamic field may determine whether
further improve modeling accuracy, advances are required in equilibrium or kinetics produces higher temperatures, and that the
numerics and physical submodels of turbulence and spray transport temperature difference predicted with the two approaches tends
processes. A status report is presented on the ongoing Allison to become small with increasing pressure. The effect of introducing
modeling activities. Author density gradients has a moderate effect on temperature. Author

NS-29937# Sheffield Univ. (England). Dept. of Chemical
Engineering and Fuel Technology.
THREE-DIMENSIONAL GAS TURBINE COMBUSTOR
MODELLING
P. N. WILD, F. BOYSAN, J. SWITHENBANK. and X. LU In
AGARD, Combustion and Fuels in Gas Turbine Engines 14 p (SEE N88-29940# Imperial Coll. of Science and Technology, London
N88-29910 24-25) Jun. 1988 (England). Fluids Section.
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 THREE-DIMENSIONAL COMBUSTOR PREDICTORS: A

A mathematical model of the finite difference type is employed COMPARISON OF EQUILIBRIUM AND LAMINAR FLAMELET
to predict the three-dimensional reacting flows within realistic CHEMISTRY MODELS
combustor geometries. Both algebraic stress and k-epsilon J. J. MCGUIRK In AGARD, Combustion and Fuels in Gas Turbine
submodels were employed for turbulence, together with combustion Engines 11 p (SEE N88-29910 24-25) Jun. 1988
models of the Magnussen type and a detailed fuel spray model. (AGARD-CP-422) Avail: NTIS HC A22/MF A01
A Lagrangian type model for the calculation of residence time Numerical calculations are reported for the three-dimensional
distribution has also proved useful in validating the predicted flow reacting flow inside a can-type combustor geometry. Several flow
fields. Modeling is carried out for a cylindrical combustor can and features found in current combustor designs are included, a swiri
for a sector of an annular gas turbine burner. Both of these possess driven primary zone and a single row of ra..ially inward dilution air
swirl stabilized primary zones. Experimental measurements of gas jets. The particular aspect of the mathematical formulation given
velocity, combustor resistance time distribution. composition and special attention concerns the mode for the chemical reaction.
temperature were employed 'or model validation and results Alternative descriptions of the instantaneous thermochemistry are
obtained to date were encouraqing. Author adopted which correspond to either full chemical equilibrium or

the laminar flamelet approach. In the latter case the flamelet
NS-29938# Karlsruhe Univ. (Germany, F.R.). Lehrstuhl und structure is taken over from published calculations of laminar
Inst. fuer Thermische Stroemungsmaschinen. propane-air diffusion flames. All other aspects of the mathematical
ON THE APPLICATION OF FINITE-DIFFERENCE TECHNIQUES model such as numerical discretization and solution algorithm,
FOR THE COMPUTATION OF THE FLOW FIELD IN GAS turbulence model and turbulence/chemistry interaction are common
TURBINE COMBUSTORS WITH COMPLEX GEOMETRIES in the predictions obtained (the two k-epsion model and a
S. WITTIG, H.-J. BAUER, and B. NOLL In AGARD, Combustion beta-probability density function (pdf) were used). The results
and Fuels in Gas Turbine Engines 14 p (SEE N88-29910 24-25) obtained indicate that the predicted flow patterns are essentially
Jun. 1988 Sponsored by German National Science Foundation, the same for both chemistry models, even though differences of
Fed. Reputilic of Germany almost 100 percent are observed for the density field. The
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 predictions with both models indicate, however, a deficiency in

A finile-volume method is presented for solving the the representation of CO bum out and it is probable this will
ime-averaged two-dimensional Nayer-Stokes equations in require an alternative chemistry descrption. Finally. although the
non-orthogonal curvilinear coordinates. In contrast to most existing calculations have used an unstrained laminar flame description,
codes, a non-staggered grid is employed for the discretization of predictions of the mean scalar dissipation rate are presented to
the momentum equations avoiding the onset of pressure and assess the likelihood of local quenching due to flame stretching.
velocity ocsillationa by additional steps. In a first step, turbulent Author
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N88-29941# National Technical Univ.. Athens (Greece). Thermal N&S-29944# Institut National de Recherche d'informatique et
Engineering Section. d'Automatique, Valbonne (France).
THE EFFECT OF PARTICLE PROPERTIES ON RADIATIVE HEAT NUMERICAL MODELLING OF PREMIXED FLAMES IN GASEOUS
TRANSFER MEDIA
EM. KAKARAS, M. FOUNTI. and N. PAPAGEORGIOU In AGARD, B. LARROUTUROU In AGARD, Combustion and Fuels in Gas
Combustion and Fuels in Gas Turbine Engines 7 p (SEE N88-29910 Turbine Engines 13 p (SEE N88-29910 24.25) Jun. 1988
24-25) Jun. 1988 (AGARD-CP-422) Avail: NTIS HC A22/MF A01
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 Numerical methods and numerical results for the propagation

Radiative heat transfer in combustion chambers is strongly of premixed flame fronts in a two-dimensional gaseous flow are
influenced by the presence among the gaseous combustion presented. The study is restricted to simple rectangular geometries,
products of solid particles of various size and chemical composition and considers both open and closed vessels. The methods use
such as soot, char, and fly-ash. The particle parameters of these essentially finite-element approximations and adaptive griddling
products are of great importance for the calculation of radiative procedures. The results include curved flame propagation, cellular
heat transfer and insufficient knowledge of their magnitude can front instabilities and quenching phenomena due to non-adiabatic
often lead to erroneous simplificatons The importance of walls. Author
absorption or scattering phenomena in radiative transfer is also
sometimes misinterpreted. It is the aim of this work to provide N88-29945# Centre National de Is Recherche Scientifique,
computational data in order to demonstrate and explain the Poitiers (France).
importance of solid particles, present in the combustion products, GASEOUS PREMIXED FLAMES IN NON-UNIFORM FLOWS
on absorption and scattering phenomena occurring in the radiative P. CAMBRAY, B. DESHALES, and G. JOULIN In AGARD.
heat transfer. Author Combustion and Fuels in Gas Turbine Engines 6 p (SEE N88-29910

24-25) Jun. 1988 Prepared in cooperaton with Ecole Natonale
Superieure de Mecanique at d'Aerotechnique, Poitiers, France

NS8-29942# Centre National de Ia Recherche Scientifique, (Contract DRET-85/130)
Chatenay-Malabry (France). (AGARD-CP-422) Avail: NTIS HC A22/MF A01
FLAMELET MODELING OF TURBULENT PREMIXED FLAMES A theoretical analysis led to an evolution law for a flame front
N. DARABIHA. V. GIOVANGIGLI, A. TROUVE. S. M. CANDEL, propagating in a nonuniform flow when the scales of the
and E. ESPOSITO In AGARD, Combustion and Fuels in Gas nonuniformity of the flow are much larger than the flame thickness.
Turbine Engines 17 p (SEE N88-29910 24-25) Jun. 1988 This law gives the local burning velocity of the flame front as a
Sponsored by Societe Nationale d'Etude et de Construction de function of the flame stretch which can be split in two pars, one
Moteors d'Aviaton and DRET, France Prepared in cooperation accounting for the geometry of the front and the other for the
with Ecole Centrale des Arts et Manufactures, France nonuniformity of the flow. In such a law, all the physio-chemical
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 properties of the mixture are lumped in only two scale factors. A

Some aspects of the effort to analyze turbulent combustion on theoretical determination of one of these two scale factors (i.e..
the basis of an extension of the coherent flame model initially the so-called Markstein length) is developed. An experimental test
proposed by Marble and Broadwel are described. At this stage of the evolution law is presented in different flame and flow
the model comprises a local description (flamelets) and a global configurations, which leads to experimental values for the two
representation of the turbulent flow-field including a balance scale factors in the case of lean propane-oxygen-nitrogen mixtures.
equation for the mean flame area per unit volume. The flamelets Finally experimental and theoretical values are compared.
are non-adiabatic premixed strained flames, a model suggested Author
by Libby, Linan. and Williams. Complex chemistry calculations were
carried out for a large number of propane-air flames and a large N8S-29946# Centre National de Is Recherche Scientifique.
data-vase of flamelets is being constructed. These calculations Poitiers (France). Lab. d'Energetique et de Detonique.
provide consumption rates, extinction, and ignition cheracteristics MODELING AND EXPERIMENTAL STUDY OF A REACTIVE
which are used in the global turbulent calculation to model the FLOW CONFINED WITH WELL INJECTION [MODELISATION
mean reaction terms. Numencal results obtained for turbulent ET ETUDE EXPERIMENTALE DUN ECOULEMENT REACTIF
premixed flames stat;lized in a duct are discussed. Experiments CONFINE AVEC INJECTION PARIETALE)
performed on a model combustor provide distributions of the mean P. BRUEL. M. CHAMPION, M. BOUTOUILI. and J. C. BELLET
heat release rate. These distributions are compared with those In AGARD, Combustion and Fuels in Gas Turbine Engines 9 p
determined numerically. This comparison indicates that the (SEE N88-29910 24-25) Jun. 1988 In FRENCH Prepared in
cohirent flame descnption accounts for important features found cooperation with Ecole Nationale Superieure de Mecanique et
in this expenment. Author d'Aerotechnique, Poitiers, France

(AGARD-CP-422) Avail: NTIS HC A22/MF A01
The combustion of premixed fuel injected into a two-dimensional

NE8-29943# Centre d'Etudes at de Recherches, Toulouse channel is studied numerically and experimentally. In the case of
(France). a high injection rate, a model of turbulent combustion with
MOOENG THE STABILITY OF A TURBULENT PREMIXED second-order closure for mass and energy transport is developed
FLAME, DOWNSTREAM FROM A STEP BY A LAGRANGIAN taking into account prior results obtained in the case of reactive
METHOD IMOOELISATION DE LA STABILISATION D'UNE shear flows in a simpler structure. The corresponding code is
FLAMME TURBULENTE PREMELANGEE. EN AVAL D'UNE tested by comparing one part with the exact solution from the
MARCHE PAR UNE METHODE LAGRANGIENNE] case of a Couette flow, and the other part with the experimental
A. GIOVANNINI InAGARD, Combustion and Fuels in Gas Turbine results obtained from the velocity fields in a two-dimensional
Engines 11 p (SEE N88-29910 24-25) Jun. 1988 In FRENCH channel. Author
(AGARD-CP-422) Avail: NTIS HC A22/MF A01

Calculations are carried out for a backward facing step, by NS8-29947# Racal Defence Electronics (Radar) Ltd.,
solving numerically the Navier-Stokes equations utilizing a Walton-on-Thames (England).
Lagrangian method of singularity type. The combustion of premixed MODELLING OF CO OXIDATION IN DILUTION JET FLOWS
gas is modeled by utilizing the concept of a thin flame separating P. V. CHLEBOUN, K. P. HUBBERT, and C. G. W. SHEPPARD
burning and mixing gases (treated as incompressible). The (Leeds Univ., England ) In AGARD, Combustion and Fuels in
exothermicity of the reaction is represented with the aid of Gas Turbine Engines 11 p (SEE N88-299t0 24-25) Jun. 1988
volumetrc sources positioned in front of the flame. The Sponsored in part by Rolls-Royce PIc. United Kingdom
advancement of the later is realized through advecton. and (AGARD-CP-422) Avail: NTIS HC A22/MF A01
normally with the combustion velocity as a function, not only of Existing equilibrium chemistry and laminar flamelet computer
the thermodynamic mixing state, but also of the local curve of the codes are inadequate for calculation of post-flame carbon monoxide
front and of the front in its entirety. Thus, the combustion burn-up in gas turbine combustion chamber diluton zones. The
aerodynamics can be discussed from the point of view of coherent amount of reaction occurring in such zones is small, but significant
structures and the velocities compared with the work of Pitz and in terms of CO emissions, especially under low power conditions.
Daily with end without chemical reaction. Author A method was developed, based on a smell departure from
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equilibrium concept which shows promise in modeling dilution zone the requirements for a low cost propulsion system for an unmanned
carbon monoxide oxidation rate. The procedure, when incorporated flight vehicle, such as RPV and drones. Rig test reaults for the
into the Rolls-Royce PACE program, still only requires specification ignition and the performance over a wide operating range will be
of a one-dimensional probability function and entails just one extra discussed. Ignition by hot gas from a cartridge as well as experience
conservation equation. Output data were compared with those with testing this combustor in the demonstrator turbojet engine
measured experimentally in an idealized dilution zone. Author will be described. Author

NS-29948# Office National d'Etudes at de Recherches
Aerospatiales, Paris (France). 26
INFLUENCE OF THE CONVECTION ON EVAPORATION AND
COMBUSTION OF A FUEL DROPLET
DOMINIQUE SCHERRER In AGARD, Combustion and Fuels in METALLIC MATERIALS
Gas Turbine Engines 8 p (SEE N88-29910 24-25) Jun. 1988
In FRENCH; ENGLISH summary Includes physical, chemical, and mechanical properties of metals.
(AGARD-Cp-422) Avail: NTIS HC A22/MF A0l e.g.. corrosion; and metallurgy.

A numencal model is presented for the combustion of a droplet
in a gaseous flow. The method is based on the integration of the
unsteady balance equations in the two phases. It uses a finite N86-16374# Advisory Group for Aerospace Research and
volumes implicit scheme. The results for the vaporization law are Development, Neuilly-Sur-Seine (France).
compared with the empirical law of Ranz-Marshall: a good AGARD CORROSION HANDBOOK. VOLUME 1: CORROSION,
agreement is found only in the case of pure vaporizaton (without CAUSES AND CASE HISTORIES
combusion) at a sufficient Reynolds number. The other results W. WALLACE (National Research Council, Ottawa. Canada), D
are the following: the data of the droplet is decreased by the W. HOEPPNER (Toronto Univ). and P. V KANDACHAR (Fokker.
vaporization; the unsteady effects in the gaseous phase become Schiphol, Netherlands) Jul. 1985 205 p refs
negligible with convection (except those due to finite rate reaction (AGARD-AG-278-VOL-1; ISBN-92-835-1505-6; AD-AI60638)
which are not studied here); and the velocities inside the droplet Avail: NTIS HC AIO/MF A01
are not sufficient to neglect the unsteady effects due to heat A need exists to keep aircraft operators and maintenance
tranfer in the liquid phase. Author personnel aware of the science and technology of corrosion as it

applies to aircraft structures. Information is provided on the aircraft
NU8-29949# Deutsche Foruchungs- und Versuchsanstat fuer operating environment, corrosion theory, common airframe
Lull- und Raumfahrt. Cologne (Germany, F.R.). Inst. fuer materials and their response to corrosion, the detection of
Antebstechnik. corrosion, and methods employed to control corrosion in aircraft
ANALYSIS OF THE FLOW THROUGH DOUBLE SWIRL structures and materials. Also given are case histories of the
AtiRBLAST ATOMIZERS deterioration or failure of components in typical aircraft and the
E. BLUEMCKE, H. EICKHOFF, C. HASSA, and J. KOOPMAN In means of detection are detailed and the remedical action taken
AGARD. Combustion and Fuels in Gas Turbine Engines 13 p (SEE Microbiological corroson is also discussed. The handbook is
N88-29910 24-25) Jun. 1988 intended to assist in the early diagnosis of developing corrosion
(AGARD-CP-422) Avail: NTIS HC A22/MF A01 problems and in the selection of appropriate corrective measures

The flow field resulting from a counterswirl airblast atomizer Author
was investigated numerically and experimentally. The flow pattern
shows the typical features of a swirling flow with an inner N86-29245# Army Matenals and Mechanics Research Center.
recirculation zone. Comparison of calculated results with Watertown, MA. Physical Metallurgy Branch
experimental data shows that general features of the flow can be DIRECTION OF R AND D AND CURRENT STATUS OF
predicted with reasonable accuracy. The prop:agation of the spray UNDERSTANDING OF ADVANCED GEAR STEELS
downstream from the atomizer was investigated theoretically using P. J. FOPIANO, J E. KRZANOWSKI. and G M CRAWFORD In
a deterrmnistic flow model for the liquid phase, The predictions AGARD Aircraft and Beanng Tnbological Systems 15 p (SEE
demonstrate the influence of operating conditions on the sWay N86-29236 20-37) Feb. 1986
characteristics. Author (AGARD-CP-394) Avail NTIS HC Alt/MF AOl

High performance gears in the modern helicopter must operate
NS-29950# Laval Univ. (Quebec). Dept. du Genie Mecanique. at ever increasing torque and RPM. A major consequence of this
THE BEHAVIOUR OF SYNTHETIC FUELS IN A SMALL increased torque and RPM is a sgnilicant increase in the surface
TRANSPARENT COMBUSTOR temperature and increased scuffing of the gears In response to
J. ODGERS and D. KRETSCHMER In AGARD, Combustion and this problem, Boeing-Veral introduced a new class of steel (hot
Fuels in Gas Turbine Engines I I p (SEE N88-29910 24-25) Jun. work tool steel) as a high performance aircraft gear steel and
1988 Sponsored by Canadian National Defence and Canadian started a trend which all subsequent work has confirmed to be a
National Science and Engineering Research Council correct decision. The three most prominent candidate cntical high
(AGARD-CP-422) Avail: NTIS HC A22/MF A0l temperature aircraft gear steels including Vasco X-2M, CARTECH

In a continuing program on the effects of fuel properties on X-53 (PYROWEAR 53), and C8S600 are discussed. The heat
combustion, some 20 pure hydrocarbons and synthesized fuels treatment responses of these alloys will be compared Three
were tested at atmospheric conditions in a small transparent AMiltional alloys (M50NL, CBS1000M, and AMAX B) are discussed
combustor. This combustor used a very efficient air assist atomizer, in less detail. Author
such that droplet size was nearly constant. Each fuel was burned
over a range of air/fuel rations, and at each condition, a full NS-24553# Advisory Group for Aerospace Research and
exhaust gas analysis was done, exhaust temperature distribution Development. Neuilly-Sur-Seine (France). Structures and Matenals
was measured, as also flame radiation and weak extinction. The Panel.
results and their implications are discussed. Author AGARD CORROSION HANDBOOK. VOLUME 2: AIRCRAFT

CORROSION CONTROL DOCUMENTS: A DESCRIPTIVE
NSS-29051# KHD Luftfahrttechnik G.m b.H, Oberursel (Germany. CATALOGUE
F.RJ. J. J. DELUCCIA, R. D. GERGAR, and E. J. JANKOWSKY (Jaylords,
A SMAIL ANNULAR COMBUSTOR OF HIGH POWER DENSITY, Inc., Philadelphia, Pa.) Mar. 1987 48 p
WIDE OPERATING RANGE AND LOW MANUFACTURING (AGARD-AG-278-VOL-2; AGARDOGRAPH-278;
COST ISBN-92-835-1545-5; AD-A181680) Avail NTIS HC A03IMF
K H. COLLIN In AGARD. Comiu cn and Fciujs in Cas Turbine A01
Engines 12 p (SEE N88-29910 24-25) Jun. 1988 This is the second per. of a handbook of Aircraft Corrosion
!AGARD-CP-422) Avail: NTIS HC A22/MF AOl produced by the AGARD Structures and Materials Panel This

A short description will be given of the design and manufacturing volume catalogs sources of information and requirements for
philo h, testing, and optimization of a combustion chamber. corrosion control obtained from documents issued by NATO,
The features and design layout of the burner are characterized by France, UK, and US authorities. IATA (international Air Transport
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Association) documents are also cited as a commercial solids can be achieved by one of two methods: the presence of
reference. Author ultra-fine grains or the presence of an internal stress. Ultra-fine

grains lead to a high m value (m = 0.5) when the conditions of
N87-29641# Advisory Group for Aerospace Research and temperature and strain rate permit grain boundary sliding to be
Development. Neuilly-Sur-Serne (France) Structures and Materials the dominating deformation process. On the Other hand, internal
Panel. stress, which is readily created by thermal cycling conditions in
SUPERPLASTICITY anisotropic expansion materials and in metal-matrix composites,
Aug. 1987 201 p Lecture senes held at Wght-Patterson AFB. leads to Newtonian viscous behavior (m = 1.0) and is attributed
Ohio. 8-9 Sep. 1987; in Luxembourg, 24-25 Sep. 1987; and in to a slip deformation process. Author
London, England. 28-29 Sep. 1987
(AGARD-LS-154; ISBN-92-835-1557-9; AD-A191551) Avail: NTIS N87-29645# Manchester Unv. (England). Dept. of Metallurgy
HC Al0/MF A01 and Materials Science.

Several topics relating to superplasticity in metals are discussed. CAVITATION AND SUPERPLASTICITY
Superplastic sheet forming. bulk forming of superplastic alloys. NORMAN RIDLEY In Advisory Group for Aerospace Research
cavitation and superplasticity. diffusion bonding of metals, arid Superplasticity 14 p (SEE N87-29641 24-26) Aug 1987
mechanical properties of superplastically formed titanium and (AGARD-LS-154) Avail: NTIS HC A10/MF A01
aluminum alloys, and designing for superplastic alloys are among Cavitation occurs in many alloy systems during superplastic
the topics covered. For individual titles, see N87-29642 through flow. Cavities either pre-exist or nucleate on grain boundaries and
N87-29649. their subsequent growth. coalescence and interlinkage leads to

premature failure. The presence of cavities in superplasticaily
N17-29642# Cranfield Inst of Tech, Bedford (England) School formed components to be used for load bearing applications is
of Industrial Science clearly undesirable. It is apparent that cavity growth is dominated
SUPERPLASTICITY: AN OVERVIEW by matrix plastic flow and that coalescence plays an important
ROGER PEARCE In Advisory Group for Aeospace Research role in the development of large cavities. It cavitation damage is
and Superplasticity 24 p (SEE N87.29641 24-26) Aug 1987 to be prevented, it is necessary to inhibit the nucleation event
(AGARD-LS-t 54) Avail NTIS HC A1O/MF A01 and to avoid the presence ot pre-existing defects by careful control

An overview is given of superplasticity Certain alloys, when of the processing required to produce the superplastic
deformed in tension at particular temperatures and strain rates, microstructure. The influence that microstructural features and
show very high elongations This phenomenon is cal!ed deformation conditions have on cavity nucleation is examined for
superplasticty Importantly. the flow stresses at which this a number of alloy systems Cavitation can be eliminated by the
phenomenon occurs are extrene. to* Tisie are two kinds of application of a hydrostatic pressure during forming. This reverses
superplasticity: isothermal superplasticity (ISP) and cycling the sense of the driving force for cavity growth Cavitation damage
superplasticity (CSP) Only the former is dealt with here For ISP. can be prevented by superimposed pressures of 0.5 and 0.75 o
the alloy must possess an ultra-fine grain size which is relatively the uniaxial flow stress, although lower levels of pressure can
stable at greater than or equal to 0 5T sub m. where T sub m is substantially reduce the extent of cavitation Author
the melting point of the lowest melting constituent in the alloy. in
absolute units, while for CSP the alloy must be capable of being N87-29647# Royal Aircraft Establishment. Farnborough
cycled through a phase change. Stable and unstable tensile flow. (England).
the relationship of m to total elongation, production and THE MECHANICAL PROPERTIES OF SUPERPLASTICALLY
maintenance of uitrafine grains, dynamic recovery, crystallization. FORMED TITANIUM AND ALUMINIUM ALLOYS
arid forming techniques are among the topic, discussed in more P G PARTRIDGE, D S. MCDARMAID. I BOTTOMLEY. and D
detail Author COMMON In Advisory Group for Aerospace Rese irch and

Superplasticity 23 p (SEE N87-29641 24-26) Aug 1987
N$7-21643# Washington State Uiv. Pullman (AGARD-LS-154) Avail NTIS HC At0/MF A01
SUPERPLASTIC SHEET FORMING NATO/AGARD LECTURE The behavior of aluminum and titanium alloys under superplastic
SERIES ON SUPERPLASTICITY furmng conditions is well documented but there is less published
C H HAMILTON In Advrsoy Group for Aerospace Research data on the effect of the superplastic forming process on the
and Superplasticity 23 p (SEE N87-29641 24-26) Aug. 1987 mechanical propsftis. These data are essential for the design of
(AGARD-Lb-154) Avail NTIS HC A1O/MF A01 structures The effect of superplastc forming parameters such as

The exceptional ductility of superplastic alloys can be utilized temperature. strain rate, strain and post forming heat treatments
in the shaping and forming of parts, components, and structures upon the tensile, fatigue and fatigue crack growth performance of
which could not be easily or economically produced by matenals these alloys is reviewed and the mechanical property variations
of more limited ductility The forming methods which have been are related to changes in microstructure. During supcrplastic
demonstrated for superplastic alloys include blow forming, vacuum forming of aluminum alloys, intergranular cavities are formed wit'
forming, thermo-forming, die-less drawing, deep drawing, forging, increasing Strain, which degrades the material and reduces the
and superplastic forming with combined diffusion bonding. The mechanical properties Ways to prevent cavitation dunng and after
technology of superplastic forming (SPF) has been found to benefit superplastic forming have been developed and the effect of these
from modelling of the process, the results of which can guide the treatments on the mechanical properties is discussed Author
selection of pressurization parameters as well as predict the
thinning charactenstics and tendency to rupture. These concepts N$9-15267# Ecole Nationale Superieure des Mines. Valbonne
are reviewed Concepts for minimizing or eliminating cavitation (France) Centre dElude de Mise en Forme des Materieux
are also discussed Author A COMPUTER PROGRAM SIMULATING THE HOT FORGING

OF METAL POWDER
NO7-29644# Stanford Univ. CA Dept of Materials Science E WEY. C LEVAILLANT, and J L CHENOT In AGARD
and Engineenng Aerospace Materials Process Modelling 10 p (SEE N89-15262
BULK FORMING OF SUPERPLASTIC ALLOYS 07-31) Aug 1988
OLEG D SHER'Y and ROBERT D CALIGIURI In Advisory (AGARD.CP.426) Avail NTIS HC A12/MF A01
Group for Aero* ce Research and Superplasticity 17 p (SEE A computer program for the simulation of hot forging of metal
N87-29641 24-26) Aug 1987 Prepared in cooperation with powder was developed using a finite element lechnique The
SRI Inte-national Corp, Menlo Park, Calif Sponsored in part by constitutive equation for powder behavior includes viscoplastic
Navy and Army effects and porosity The relationship between flow stress and
(AGARD-LS-154) Avail NTIS HC At0/MF A01 equivalent strain rate is given This model involves also unilateral

The commercial process of gatorizing is a prime example of a contact conditions friction with the dies A remeshing module
successful bulk forming process of a superplastic nickel-based permits the calculation of very large deformation with complex
alloy In this case the one-step production of an integrated unit dies. This simulation program is applied to the forging of an
consisting of turbine blades with disk is achieved This success is automotive part The simulation allows one to optimize the die's
based on the high strain rate sensitivty inherent in superplastic geometry to achieve complete densification and go.d strain range
materials High strain rate sensitivity exponents, m. in crystalline everywhere in the worked piece Author
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N89-15268# Middle East Technical Univ.. Ankara (Turkey). Dept. N89-15281# Cameron Force Co.. Houston, TX.
of Metallurgical Engineering. THE APPLICATION OF PROCESS MODELLING TO HEAT
MICROSTRUCTURES, FLOW PROPERTIES AND PROCESSING TREATMENT OF SUPERALLOYS
OF T16242 ALLOY R. A. WALLIS. N. M. BHATHENA, P. R. BHOWAL. and E. L.
ALPAY ANKARA and TAYLAN ALTAN (Ohio State Univ., RAYMOND /n AGARD, Aerospace Materials Process Modelling
Columbus.) In AGARD, Aerospace Materials Process Modelling 18 p (SEE N89-15262 07-31) Aug. 1988
13 p (SEE N89-15262 07-31) Aug. 1988 (AGARD-CP-426) Avail: NTIS HC A12/MF A01
(AGARD-CP-426) Avail: NTIS HC A12/MF A0t Quenching experiments have been camed out with a flat disk

The physical phenomena that occurs during metal deformation having thermocouples embedded in it. Cooling curves from such
process of Ti 6242 alloy is reviewed. Data on flow properties is tests have provided input data for an inverse heat conduction
obtained by compression tests. Also covered are the flow stress model which has been used to determine the relationship between
vanations with the type of equipment used, deformation heating, the heat transfer coefficient and the part surface temperature for
effects o temperature, strain, strain rate and microstructural different quenching media. The coefficients obtained have been
variations. Author used in finite element models to predict the temperature and stress

distribution within components during heat treatment. The
quenching models were validated by trials carried out with
instrumented subscale and full size turbine disk forgings. The

NS-15270# Ecole Nationale Supereure des Mines, Valbonne models have been used to determine the quenching media required
(France). to give the cooling rates necessary to meet #:.u picnerty
SUPERPLASTIC BEHAVIOUR OF SOME TI-6AL-4V ALLOYS specifications for superalloy components. They have also been
INVESTIGATED BY TORSION TESTING used, qualitatively, to reduce the residual stresses developed during
Y COMBRES. C. LEVAILLANT, and F. MONTHEILLET (Ecole quenching with a subsequent reduction in distortion problems during
Nationale Superreure des Mines, Sainte-Etienne. France ) In machining. A further application has been the elimination of
AGARD. Aerospace Materials Process Modelling 13 p (SEE cracking during the quenching of crack sensitive alloys. Author
N89-15262 07-31) Aug. 1988
iAGARD-CP-426) Avail: NTIS HC A12/MF A01

The work done at CEMEF in the past five years was to
compare microstructurally different Ti-6AI-4V alloys and to set down 27
their flow rules for further implementation in computer aided forming
process design. Experiments were carried Out on a torsion device NONMETALLIC MATERIALS
Torsion testing is particuanly well adapted to the simulation of
the forming processes such as rolling or forging. The modeling ofisothermal forging and isothermal super astic bulging are Includes physical, chemical, and mechanical properties of plastics.
discussed. Author elastomers, lubricants, polymers, textiles, adhesives, and ceramic

materials.

N89-15271# Societe Nationale d'Etude et de Construction de N86-29242# Boeing Vertol Co. Philadelphia. PA
Moteurs d'Aviation. Gennevilliers (France), A STUDY OF THE POTENTIAL BENEFITS ASSOCIATED WITH
THE FORGE 2 ISOTHERMAL FORGING MODEL [LE MODELE THE DEVELOPMENT OF A DEDICATED HELICOPTER
DE FORGEAGE ISOTHERME FORGE 2) TRANSMISSION LUBRICANT
P E MOSSER and Y. GERMAIN In AGARD, Aerospace Materials R J. DRAGO. P J MANGIONE (Naval Air Propulsion Test Center.
Process Modelling f t p (SEE N89-15262 07-31) Aug. 1988 In Trenton. N.J.), and R. 0. WENDRZYCKI In AGARD Aircraft and
FRENCH. ENGLISH summary Bearing Tnbological Systems I I p (SEE N86-29236 20-37) Feb
(AGARD-CP-426) Avail NTIS HC A12/MF A01 1986

A Forge 2 isothermal forging model is described which is based IAGARD-CP-394) Avail NTIS HC At 1/MF A01
on a fluid-type formulation, The model employs the Tresca (Baque. A common oil is now used in both the engines and transmissions
1973) frictionlaw, and is used to determine the friction coefficients of virtually all U.S military helicopters. While this provides significant
A method of the analysis of the ring test is presented. The logistic advantages, these advantages are attained only by
isothermal forging variables of the compressor disk are numerically compromising the optimization of the oil for either system The
studied for the cases of the forging of actual TA6V specimens results of two studies undertaken to determine what benefits would
and model specimens of a Pb-Sn alloy. Even using simple accure through the development of a special oil tailored specifically
rheological or tnbological laws, the program makes possible the to meet the unique requirements of high-speed, heavily loaded
selection of the forging process variables on the basis of criteria helicopter transmission systems are summarized These studies.
such as the texture development and the distribution of conducted independently by two major helicopter manufacturers
deformations Author under the direction of the Naval Air Propulsion Center, addressed

specic problem areas as related to typical production aircraft in
order to reach well-documented conclusions. In addition, the effeci

of the availability of such a special gearbox lubricant on the
N9-152721 Liege Un. (Belgium) development of cher advanced-technology components was
COMPUTER PREDICTION OF INTERNAL STRESSES DURING evaluated and documented. Author
HEAT TREATMENT
D ASSAKER and M. HOGGE In AGARD, Aerospace Materials N86-29244# Messerschmitt-Boelkow-Blohm G.mb H, Munich
Process Modelling t5 p (SEE N89-15262 07-31) Aug 1988 (Germany. F R.).
(AGARD-CP-426) Avail NTIS HC At2/MF A01 REQUIREMENTS ON LUBRICATIN OIL FROM THE VIEW OF A

The problem of determining stresses due to thermal and HELICOPTER MANUFACTURER
transformation-induced volume changes during the quenching of J. HARTMANN and W. JONDA In AGARD Aircraft and Bearing
hot steel bodies is investigated Since there is no proper Tribological Systems 6 p (SEE N86-29236 20-37) Feb 1986
experimental way to determine the local stress field during the (AGARD-CP-394) Avail NTIS HC All/MF A01
heat treatment, a finite element model that addresses this problem Experience with known oil types, used in helicopters for
is dever.ped, which allows for stress history knowledge and transmissions, engines, hydraulics and brakes has shown that 3
prediction of the residual stress field in the finished body. All main conditions if available, would improve drastically the
thermophysical properties are temperature dependent. In case of performance of the aircraft. These 3 main conditions are the
steel todes an additional parameter related to the cooling rate same type of nil should be usable for all the above mentioned
enables to localize microstructure state on a Continuous Cooling , the oils brands, produced according It. a common
Transformation diagram The efficiency of the model is specification, but by different manufacturP. should be mixable
demonstrated through a detailed computation of stresses in a without restrictions; and some features of the oil, which are specially
quenched steel cylinder Author important for helicopter operations, should be improved Author
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N86-29249# Air Force Aero Propulsion Lab.. Wright-Patterson disk traction device with a micro-computer based control/data
AFB, OH. acquisition system. The capabilities of models with the ability to
MILITARY AIRCRAFT PROPULSION LUBRICANTS: CURRENT predict the performance of hydraulic systems, the components
AND FUTURE TRENDS making up these systems and lubricated contacts within the
G A. BEANE, IV, L. I GSCHWENDER, C. E. SNYDER, JR., and components are described and the methodology of studies to
J. T. SHIMSKI (Naval Air Propulsion Test Center, Trenton, N.J.) determine required fluid properties discussed. Author
/n AGARD Aircraft anI Bearing Tribological Systems 16 p (SEE
N86-29236 20-37) Feb. 1986 NB-29253# Technische Univ., Munich (Germany. FR.).
(AGARD-CP-394) Avail: NTIS HC AlI/MF A01 SCORING TESTS OF AIRCRAFT TRANSMISSION LUBRICANTS

An assessment of the performance of MIL-L-7808J and AT HIGH SPEEDS AND HIGH TEMPERATURES
MIL-L-23699C Military Specification lubricating oils in turbine H. WINTER and K. MICHAELIS In AGARD Aircraft and Bearing
engines and helicopter gear boxes is presented along with predicted Tribological Systems 9 p (SEE N86-29236 20-37) Feb. 1986
performance of current and upgraded military specification oils in (AGARD-CP-394) Avail: NTIS HC A1II/MF A01
advanced and growth engine designs. Data is presented on Aircraft engines always contain gears that have to be lubricated
advanced ester base engine lubricants, corrosion inhibited engine under conditions of high speeds and extremely high temperatures.
oils, and separate helicopter gear box oils evolving from current In this field of application scoring damage is likely to occur. In
developmental research efforts. Future high temperature candidate Europe and partly also in the USA the scoring load capacity of
fluids representing the ultimate stability for turbine engine oils are gear oils is expressed in terms of FZG Scoring Load Stage. The
also discussed. Their use, in most cases, entails engine design FZG Gear Test Rig is described. The normal test procedure
considerations to accommodate their unique properties. The A/8.3/90 as standardized in DIN 51 354 using A-type gears at a
advantages and disadvantages of the various classes of synthetic pitch line velocity of v = 8.3 m/s and a starting oil temperature
lubricants for turbine engine applications are discussed, and of 90 C is presented. A modified procedure at double speed and
deficiencies are identified where additional research programs are increased oil temperature A/16.6/140 is discussed. Because o1
needed. Author the high costs and problems with the availability of test gears a

modified FZG Ryder Test was developed. The method is presented
NB-292S0# Imperial Coll. of Science and Technology, London and comparative results of typical aircraft engine oils in the FZG,
(England) the FZG-Ryder and the original Ryder Gear Test are shown. From
FUTURE TRENDS IN HELICOPTER TRANSMISSION this experience it becomes obvious that alternative test methods
LUBRICANTS for the evaluation of scoring load capacity of aircraft transmission
H. A. SPIKES In AGARD Aircraft and Bearing Tribological Systems lubricants can be available in the near future. Author
10 p (SEE N86-29236 20-37) Feb. 1986
(AGARD-CP-394) Avail: NTIS HC Al1/MF A01

Some recent fundamental studies relating to the lubrication of
helicopter transmissions are presented, as well as implications for 28
future oil development. The resulting enhanced understanding of
lubrication mechanisms has shown that real potential exists both PROPELLANTS AND FUELS
for improved performance and for the ability to cater to higher
temperatures, by means of lhe formulation and use of improved
transmission oils. If such benefits are recognized and if the new Includes rocket propellants, igniters, and oxidizers; their storage
krowledge is correctly applied, there is no reason why helicopter and handling procedures; and aircraft fuels.

gearbox reliability should not be appreciably improved by the end
ot the decade. Author N86-26468# Advisory Group for Aerospace Research and

N88-29251# Motoren- und Turbinen-Union Muenchen G.m.b.H. Development, Neuilly-Sur-Seine (France). Propulsion and
(Germany, F.R.) Energetics Panel.
AIRCRAFT ENGINE OILS AND THEIR BEHAVIOUR AT HIGH SMOKELESS PROPELLANTS
TEMPERATURES Jan. 1986 178 p In ENGLISH and FRENCH Conference
K. MAIER- In AGARD Aircraft and Bearing Tribological Systems held in Florence. Italy, 12-13 Sep. 1985
12 p (SEE N86-29236 20-37) Feb. 1986 (AGARD-CP-391; ISBN-92-835-0387-2; AD-A166652) Avail:
(AGARD-CP-394) Avail: NTIS HC A1/MF AOl NTIS HC A09/MF A01

Characteristics of aero-engine oils are changed considerably Eleven papers are presented from the conference. The
under high-temperature conditions ( 200 to 250 C). Consequences specialist meeting was arranged in the following sessions: A review
of this are the formation of aging products and deposits, deficiences of smokeless propellant technology; Prediction and measurement
in the tribological behavior and spontaneous ignition, in extreme of signature; Chemistry of smokeless propellants; and Smoke
cases The problems arising from these are illustrated using several measurements. The purpose of the meeting was to bring together
selected examples, and their effects on engin- functioning are specialized experts in the field of smokeless propellants in order
described. Author to discuss the definitions of the various degrees of smokelessness.

and provide the results of the investigations performed in the last
N88-29292# Air Force Wright Aeronautical Labs., years. The achievements were discussed in the technical evaluation
Wright-Patterson AFB, OH. report, which suggests also several subjects for future
PERFORMANCE MODELLING: A TOOL FOR LUBRICANT investigations. For individual titles see N86-26469 through
DEVELOPMENT N8-26479.
H E BANDOW In AGARD Aircraft and Bearing Troological
Systems It p (SEE N86-29236 20-37) Feb. 1986 N86-26469# Royal Ordnance PLC, Waltham Abbey (England).
(AGARD-CP-394) Avail: NTiS HC At t/MF A01 Research and Development Centre.

A basic requirement for the development of lubricants and SMOKELESS PROPELLANTS OF IMPROVED PERFORMANCE
aerospace fluids is to understand the physical properties of these E. A. BAKER In AGARD Smokeless Propellants p 6-1 - 6-5
fluids required to optimize performance of the lubricated systen (SEE N86-26468 17-28) Jan. 1986
Compuier nodeK nave been used to predict the effects of lubricant (AGARD-CP-39t) Avail: NTIS HC A09/MF A01
properties ot, rolling element bearing performance. Studies were For double base propellants the high density of nitramines
performed to validate models, to predict performance under various compared with nitiocellulose/nitroglycerine matrices of equivalent
operating conditions, and to predict tie effects of proposed design energy levels is particularly attractive where propellant energy levels
or lubncant changes on system performance. The results of some or charge volumes are restrictive. The inclusion of nitramines
of these studies are described and compared with experimental generally reduced plateau burning rates and impairs plateau quality.
measurements Models which Predict traction forces in lubricated but RDX filled extruded propellants with good plateau ballistics
contacts from thermal and rheological properties of the lubricant and low temperature dependence, suitable for boost applications
and bearing materials, and the geometry and operating conditions were developed. No departure from conventional EDB processing
of the contact are compared with experimental results from a two is involvei Author
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N16-26470# Office National d'Etudes et de Recherches explored with test results and chemistry of the binder together
Aerospatiales, Paris (France). with the criteria leading to the selection of suitable elastomer
PROPERGOL COMBUSTION BASED ON OCTOGENESIS binders. Authr
[COMBUSTION DES PROPERGOLS A BASE OOCTOGENEI
G. LENGELLE and J. DUTEROUE In AGARD Smokeless N6-26474# IMI Summerfield. Kidderminster (England).
Propellants p 8-1 - B-17 (SEE N86-26468 17-28) Jan. 1986 In THE REDUCTION OF EXHAUST SIGNATURE IN SOLID
FRENCH; ENGLISH summary PROPELLANT ROCKET MOTORS
(AGARD-CP-391) Avail: NTIS HC A09/MF AOI G. I. EVANS and P. K. SMITH In AGARD Smokeless Propellants

The investigation of the combustion of solid oropellants based p 16-1 - 16-16 (SEE N86-26468 17-28) Jan. 1986
on HMX and energetic binder was carried out ti-fough the study (AGARD-CP-391) Avail: NTIS HC A09/MF AOl
of HMX and the energetic binder in self-burning, as wl as that An important feature of cast double base propellants is that
of their combination in propellants. The condensed phase behhAor during combustion the propellant itself produces extremely low
of the components was looked into by means of thermograviretric levels of exhaust smoke. Developments in insulation material and.
analysis, differential scanning calorimetry, ignition and temperature in particular, charge inhibitors have allowed the tow smoke potential
(microthermocouples) profile measurements, as well as sampling of the propellant to be fully realized in rocket motor firings. A
and analysis of the gases produced from the condensed phase. further dramatic reduction in exhaust signature was obtained by
At very low pressure, HMX sustains a staged flame, much like suppressing secondary combustion in the rocket motor. This was
that of homogeneous propellants. The behavior of the binder is achieved over a wide range of typical propellant charge and motor
close to that of homogeneous propellants. The burning rate of configurations using propellant additives. Flame suppressed plumes
the propellant is a compromise between the rates of the offer the desirable property of low exhaust emissions both in the
components, without interaction between the HMX flame and that visible and IR regions of the electromagnetic spectrum. Similarly
of the binder. Author missile communications both at optical and radio frequency

wavelengths are improved by the absence of secondary
N6-26471# Prins Maurits Lab. TNO. Rijswijk (Netherlands). combustion. The inhibitor and propellant developments concerned
STABILITY OF NITROCELLULOSE PROPELLANTS ASSESSED are reviewed and the reductions in exhaust signature which are
VIA THERMAL DECOMPOSITION AND ALTERATION OF THE obtained by the optinzed use of secondary flame suppression is
STABILIZER COMPOSITION quantified. Author
P. VANDEMEY and A. H. HEEMSKERK In AGARD Smokeless
Propellants p 9-1 - 9-8 (SEE N86-26468 17-28) Jan. 1986 N8-28475# Nobel's Explosives Co. Ltd., Sfevenalon (England)
(AGARD-CP-391) Avail: NTIS HC A09/MF A01

In the Netherlands the surveillance of propellants is performed Defence and Aerospace Research.THE CHEMICAL INTERACTION OF BALLISTIC MODIFIERS IN
by investigating the thermal behavior of the propellant at a CB PROPELLANT: ITS EFFECT UPON BALLISTICS AND

temperature of 358 K. This procedure is accepted to represent a STABIPLTY
degradation equivalent to a storage period of at least ten years at J D. M. PEARSON, A. C. J. SHEODEN. and I. A. DUNCAN In
ambient temperatures. To obtain additional information about the AGARD Smokeless Propellants p 17-1 - 17-15 (SEE N86-26468
degradation of propellants thermal stability tests were performed 17-28) Jan. 1986
at various temperatures and under several environmentalconditions Both the thermal behavior 0f the propellants arid the (AGARD-OP-391) Avail: NTIS HO A09/MF A01
condiions.cBoththethermal behavior of the stapnelund wre During the development of a platonized cast double basechemical behavior of the stabilizing amine compound were propellant it was noted that a spread of burning rates from batch
determined during these experiments. The composition of the amine to batch was obtained. Subsequently batches of the propellant
compounds was analyzed using HPLC techniques developed for preistantly showed a marked decrease in gas crack lifetime. on
theue experiments. Author accelerated aging, compared with earlier satisfactory results.

N8-26472# Consiglio Nazionale delle Ricerche, Milan (Ital, . Extensive work showed the stability problem to be associated
BURNING STABILITY OF DOUBLE BASE PROPELLANTS with a chemical reaction between the ballistic modifiers. This
L. DELUCA. C. ZANOTTI, G. RIVA. R. DONDE, A. VOLPI, C. reaction was reproduced in the laboratory, while at the same time
GRIMALDI, and G. COLOMBO In AGARD Smokeless Propellants the ballistic variability of the propellant was under investigation. It
p 10-1 - 10-17 (SEE N86-26468 17-28) Jan. 1986 became apparent that the chemical interaction between the
(AGARD-CP-391) Avail: NTIS HC A09/MF A01 modifiers affected the propellant platonized burning rate and tht

The nonsteady combustion and intrinsic burning stability o the by products of this reaction cause the accelerated aging
double base propellants are studied. Experimental results show problem. This understanding allowed a new ballistic modifier to
that, over a large pressure range, the energetics and the dynamics be developed which helped solve the stability problem while at
of double base combustion is .-ontro~led by the fizz zone. This the same time gave much more reproducible ballistics. Author
permits the classical quasi-steady gas phase assumption to be
applied. However, a novel transient flame model is required, since N86-26476# Defence Research Establishment Valcarier
the fizz zone, although thin in time. is thick in space. This novel (Guebec).
transient flame mooel includes several previous models as DIRECT EROSIVE BURNING MEASUREMENTS OF A
particular cases; in addition it allows an already existing nonlinear REDUCED-SMOKE SOLID PROPELLANT ROCKET BY FLASH
burning stability theory to be immediately applied to double base X-RAYS
combustion. In general, double base burning is found to be less T. CONSTANTINOU and D. GREATRIX (Toronto Univ.. Ontario)
stable than composite propellant burning, both statically and In AGARD Smokeless Propellants p 18-1 - 18-13 (SEE N86-26468
dynamically. This is due to the relatively little energy stored in the 17-28) Jan. 1986
condensed phase and elongated fizz zone yielding a weak energy (AGARD-CP-391) Avail: NTIS HC A09/MF A01
coupling at the burning surface. Author Despite the multitude of models available, proper erosive

burning modelling continues to be a difficult task in the internal
N86-26473# IMI Summerfield, Kidderminster (England). ballistic prediction of solid propellant rockets with high volumetric
ELASTOMER MO--.,ED CAST DOUBLE BASE PROPELLANTS loading The majority of models are based on erosive burning
G. I. EVANS and U. FACER fn AGARD Smokeless Propellants measurements using small motors, window motors and with such
p 13-1 - 13-17 (SEE N86-26468 17-28) Jan. 1986 techniques as imbedded probes or interrupted burning. Such
(AGARD-CP-391) Avail: NTIS HC A09/MF A01 methods, however, are not believed to exhibit the real combustion

Cast double base propellants have many attractive features process. The flash X ray technique using full sized motors gives a
for tacical missile systems, not least where plume signature more realistic measurement of burning rates. This technique can
transparency is at a premium. However, such propellants are limited be used to evaluate the internal ballistic code with different erosive
in mechanical properties, particularly strain capability at low burning models, a pressure-time record can be obtained and
temperatures of -40 C or less. The development of a new class compared to experimental 13ta. A comparison and evaluation o
of CDB propellants is described utilizing an elastomer in the binder, the different models. is thus possible. Data based on static firings
The advantages, properties and performance of these EMCDB of reduced smoke motors were analyzed by the above method
propellants are given. The field of candidate polymer systems is and the results are presented. Author
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N66-28477# Naval Postgraduate School, Monterey, CA. propellants to suppress combustion instability. Experimental results
EXPERIMENTAL TECHNIQUES FOR OBTAINING PARTICLE obtained using A and ZrC in the Rijke burner indicate that both
BEHAVIOR IN SOLID PROPELLANT COMBUSTION additives cause an increase in the acoustic growth rate when
0. W. NETZER and J. P. POWERS In AGARD Smokeless compared to growth rates obtained without any particles in the
Propellants p 19-1 - 19-17 (SEE N86-26468 17-28) Jan. 1986 system. The increase caused by A is significantly greater that
(AGARD-CP-391) Avail: NTIS HC A09/MF A01 that caused by ZrC, which is expected because the reaction of At

A continuing investigation is being conducted to develop releases more than twice the energy ZrC does. The increase in
techniques to obtain quantitative data that can be used to relate the acoustic growth rate due to distributed combustion was found
solid rocket propellant composition and operating environment to to be directly related to the heat of reaction. Author
the behavior of solid particulates within the grain port and exhaust
nozzle. The techniques employed are high speed motion pictures
of propellant strand burners and stab burners in a cross flow N1-29064# Ballistic Research Labs., Aberdeen Proving Ground,
environment, SEM analysis of post fire residue (strand, slab, and MD.
motor), determination of D sub 32 across the exhaust nozzle using LIQUID PROPELLANT GUN TECHNOLOGY
measurements of scattered laser light. and holograms of burning W. F. MORRISON, J. D. KNAPTON. and P. G. BAER In AGARD
propellant strands, slabs and motors. In addition, techniques are Interior Ballistics of Guns 16 p (SEE N86-29063 20-31) Jan.
being studied for automatic retrieval of particle size distributions 1986
from holograms taken of the combustion of solid propellants. Actual (AGARD-CP-392) Avail: NTIS HC A1O/MF AOl
particle sizes of burning aluminum particles were obtained in high Research and development efforts on liquid propellant guns
speed motion pictures by using high intensity rear illumination of have increased steadily in the United States over the past five
the burning propellants to eliminate the flame envelopes years as a result of progress in both liquid propellant and propulsion
surrounding the burning parlicles. Measurements of diffractively technology. The research program is directed toward the use of
scattered light were made for determination of changes in D sub hydroxyl ammonium nitrate (HAN) based liquid monopropelants in
32 across a solid propetlant rocket motor exhaust nozzle. Two a regenerative liquid propellant gun. The HAN-based liquid
dimensional motors were employed to obtain holograms of monopropellants offer a number of advantages over both solid
propellant burned in a cross flow environment. Other efforts were propellants and other liquid propellant formulations. The
directed at reduction of speckle in the recorded holograms and regenerative process is based on the injection of propellant into
optimization of techniques for minimizing excessive smoke in the the combustion chamber during the ballistic cycle. The interior
recorded scenes. A computer controlled Quantimet 720 is being ballistic process is summarized to provide a basis for the discussion
used in an effort to obtain particle size distributions from of experimental gun firing data. A simple inline piston with multiple
reconstructed holograms. Author cylindrical injectors is used as an example. Regenerative

investigation in the United States have focused on annular injection
N86-26478# Advisory Group for Aerospace Research and configurations, in which the propellant enters the chamber in the
Development, Neuily-Sur-Seine (France). form of an annular sheet. A simple version of the configuration
GAS ANALYSIS FOR THE INVESTIGATION OF THE was built and tests in 25, 30, and 105 mm. Ballistic data are
COMBUSTION OF DOUBLE-BASE PROPELLANTS AND HMX presented, along with discussions of ballistic repeatability and
J. F. TRUBERT In its Smokeless Propellants (AGARD-CP-391) efficiency. Four computer models of the regenerative interior
p 20-1 - 20-14 (SEE N86-26468 17-28) Jan. 1986 ballistic process are compared. Author
(AGARD-CP-391) Avail: NTIS HC A09/MF A01

The linear pyrolysis method under vacuum by conduction and
radiation, with analysis by mass spectrometry is used to obtain
the composition of the gases produced by solid propellant N$6-29065# Royal Armament Rexesrch and Development

condensed phase degradation, while minimizing the secondary Establishment, Fort Halstead (England).
reactions and under conditions close to actual burning. This method INGNITION, COMBUSTION, AND PHYSICAL PROPERTIES OF
was elaborated with reference to double base propellants, and in LIQUID PROPELLANTS AT GUN PRESSURES
the presence of additives. Important quantities of formaldehyde, G. G. COOK and T. 0. ANDREWS In AGARD Intenor Ballistics
glyoxal and carbon dioxide are obtained. The presence of low of Guns 13 p (SEE N86-29063 20-31) Jan. 1986
amounts of nitrogen and carbon monoxides, carbon dioxide and (AGARD-CP-392) Avail: NTIS HC A1O/MF A01
water indicates that the gases result mostly from the degradation. The internal ballistics of a regenerative injection liquid propellant
The smell difference between the quantitative compositions shows gun depend on the rate of injection of the liquid propellant rather
that the additive does not act on the condensed phase degradation, than on the burning rate, owing to the small size of the droplets
This method was applied to HMX. The analysis shows large produced. The rate of injection is determined by the effect of the
amounts of several nitrogen oxides (NO2, NO, N20), formaldehyde, compressibility of the liquid on the motion of the piston and by its
and cyanhydric acid, and small quantities of water, nitrogen and flow characteristics through the injector. The force constant of
carbon oxides. Author the propellant is important as it determines the combustion pressure

resulting from any given flow rate. A standard closcct vessu w;s
N86-28479# Bngham Young Univ., Provo, UT. Dept. of Chemical modified and used with a specially developed igniter to investigate
Engineering. the combustion of Otto Fuel 11 at gun pressure. It was also used
MEASUREMENTS OF DISTRIBUTED COMBUSTION to investigate the compressibiity of mert liquid at pressures up to
M W. BECKSTEAD, P. C. BRAITHWAITE, and D. L. GORDON 600 MPa. A liquid propellant test vessel was constructed for use
In AGARD Smokeless Propellants p 21-1 - 21-12 (SEE N86-26468 in the investigation of the compressibility of live liquids and the
17-28) Jan. 1986 flow of liquids at high pressure. Author
(AGARD-CP-391) Avail: NTIS HC A09/MF A01

Acoustic suppressants are commonly added to low smoke and
smokeless propellants to avoid the problem of combustion NSO-29066# Fraunhofer-lnst. fuer Kurzzeitdynamik, Weil am Rhein
instability. Although some suppressants are considered to be inert. (Germany, F.R.). Abteilung fuer Ballistik.
most actually react with the combustion products. If a particle MECHANICAL BEHAVIOUR OF PROPELLANT GRAINS UNDER
reacts while traversing a relatively large portion of the system, HEAVY DYNAMIC LOAD
the intercriange of energy between the burning particle and the G. ZIMMERMAN In AGARD Interior Ballistics of Guns 15 p
acoustic environment can result in either a driving or damping (SEE N86-29063 20-31) Jan. 1986
contribution to the acoustics of the system, which is referred to (AGARD-CP-392) Avail; NTIS HC A1O/MF A01
as distribution combustion. Instead of using actual solid propellants. Special test devices were constructed to simulate the dynamic
and experimental technique was developed to study this forces on gun propellant grains during shots at ambient and low
mechanism utilizing a gas fired Rijke burner. Advantages of this temperatures (-40 C). With these devices the dynamic stress at
approach allow testing an additive independent of the propellant failure, the fragmentation type (pasty, brittle), and other correlated
burring surface, avoiding the use of solid propellants, and allowing physical characteristics of several propellant types were measured.
for Independent control of frequency. O/F ratio, temperature, and Conclusions are drawn for the propellant behavior under real gun
particle addition. Al and ZrC are additives commonly used in solid conditions. Author
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NW-29067# Bombrini Parodi-Detfino S.p.A., Rome (Italy). N87-28596# Societe Nationale des Poudres et Explosits,
FIELD ARTILLERY GUN PERFORMANCES RELATED TO Vert-Le-Pefit (France). Technique Autopropulsion.
TRIPLE-BASE POWDER QUALITY SIZING SOLID PROPELLANT ENGINE CHARGES
B. DANDREA, M. PETRUCCI, and M. DILORENZO In AGARD (DIMENSIONNEMENT DES CHARGEMENTS DES MOTEURS
interior Ballistics of Guns 15 p (SEE NB6-29063 20-31) Jan. A PROPERGOL SOUDE]
1986 BERNARD ZELLER In AGARD. Design Methods in Solid Rocket
(AGARD-CP-392) Avail: NTIS HC At0/MF A01 Motors 33 p (SEE N87-28589 23-20) Mar. 1987 In FRENCH

In order to achieve the best results in the 155-39 mm field (AGARD-LS-150) Avail: NTIS HC A11/MF A0l
field artillary gun, several parameters affecting the triple-base The goal of solid propellant charge sizing is to design charges
powder quality %,ere investigated. Mainly nitro-cellulose molecular which satisfy diverse specifications. Methods utilized to carry out
weights (MW) and molecular weight distributions (MWD). this task are described. The general specifications which must be
determined by means of gel-permeation chromatography (GPC) satisfied for solid rocket engines are discussed with regard to
related to the powder rheological properties are reported. In addition tactical and strategic missiles and space launch vehicles. The
theoretical interior ballistic evaluations, tailored on powders various charge types and solid propellant families are reviewed
manufactured with different nitrocellulose samples, based on and the specific requirements for propellant charges are addressed.
computer program calculation, are compared with the firing test The methods employed to define precisely the propellant, the
results. Author geometry and the organization of the charge are described. These

methods aim at obtaining specific ballistic performances and
assuring the overall integrity of the charge when subjected to
mechanical stresses. Finally. a reliability estimation technique for
propellant charges is briefly described. M.G.

N86-29073# Etablissement Technique de Bourges (France).
EXPERIMENTAL STUDY OF THE IGNITION OF EXPLOSIVE N87-20597# Air Force Rocket Propulsion Lab.. Edwards AFB,

CHARGES USING VISUALIZATION OF THE PHENOMENA CA.
JETUE EPERMENALEDE LLLUAGEDUN CHRGE STATE OF THE ART OF SOLID PROPELLANT ROCKET MOTOR(ETUDE EXPERIMENTALE DE LALLUMAGE DUNE CHARGE GRAIN DESIGN IN THE UNITED STATES

PROPULSIVE PAR VISUALISATION DU PHENOMENE) DURWOOD I. THRASHER In AGARD. Design Methods in Solid

C. BERTHOMMIER In AGARD Interior Ballistics of Guns 7 p RO 1 p(SEE n 7-2tti8 De3-20 Mr. 1987

(SEE N86-29063 20-31) Jan. 1986 In FRENCH Rocket Motors 21 p (SEE N87-28589 23-20) Mar. 1987

(AGARD-CP-392 Avail: NTIS HC AIO/MF A01 (AGARD-LS-150) Avail: NTISHC Ai/MF A01

A three point visualization process was used to study the ignition A brief discussion of the basic ground rules and overall

and combustion phenomena of propulsive charges for large caliber considerations in solid rocket motor design is presented. Ballistic

ammunition. The visualization process was made possible by using design considerations, grain features related to ballistic design

a translucent sleeve as the barrel. The phenomena studied included and their purposes, primary factors which determine stress and

the pressure, displacement and the speed of the flame front. The strain levels, and design approaches for avoiding structural weak

procedure studied made possible an examination of the ignition points are discussed. Emphasis is given to propellant grain

and combustion processes of various charge configurations. Two structural integrity assurance, including materials characterization.

examples were studied: the first study pertained to a comparison structural analysis, and structural capability verification. Additional

of two igniter. and the second to a pre-programmd igniter. B.G. topics discussed include: viscoelastic material behavor and the
requisite thermomechanical characterization testing and analysis
approaches; failure criteria; experimental structural methods
including in-situ stress and strain measurement technology; and
service life considerations. Unresolved problems are addressed
and important ongoing work is summarized. Author

NS-29077# Dynamit Nobel A.G., Fuerth (Germany, F.R.) Dept.

of Research and Development-Ammunition. N87-28698# Societe Europeene de Propulsion.
IGNITION OF HIGH-PERFORMANCE GUN AMMUNITION Saint-Medard-en-Jalles (France).
H. PENNER In AGARD Interior Ballistics of Guns 7 p (SEE DESIGN AND SIZING OF INTERNAL THERMAL INSULATORS
N86-29063 20-31) Jan. 1986 FOR SOLID PROPELLANT ROCKET ENGINES (CONCEPTION
(AGAPD-CP-392) Avail: NTIS HC A10/MF A01 ET OIMENSIONNEMENT DES PROTECTIONS THERMIOUES

Modern high performance cartridges are designed for high INTERNES D'UN PROPULSEUR A POUDRE]
loading densities of propelling charges. Sometimes they exceed ANDRE TRUCHOT In AGARD, Design Methods in Solid Rocket
the normal filling density of the propellant grains. The conditions Motors 13 p (SEE N87-28589 23-20) Mar. 1987 In FRENCH
for fast and complete ignition are discussed and a group of primers (AGARD-LS-150) Avail: NTIS HC A1l/MF A01
for 105 mm-rounds which will ignite the propelling charge in an The principal objective of internal thermal insulators is to protect
optimum manner is presented. Author the engine structural walls from overheating by combustion gas.

They also perform certain secondary functions: adhere the
propellant to the structure, accept the relative deformations of the
charge and structure and eventually seal the chamber. The general
design processes for internal thermal insulators are presented:

N87-28595# Bombrini Parodi-Delfino Sp.A., Colleferro (Italy). analysis of the working environment and conditions, materials
Defense and Space Div. selection, and thermal and mechanical dimensioning. The
PROPELLANT GRAIN DESIGN calculation methods used for each of these processes are
S. SCIPPA In AGARD, Design Methods in Solid Rocket Motors described along with various laboratory and firing tests. Finally.
20 p (SEE N87-28589 23-20) Mar. 1987 fabrication processes for internal thermal insulation are discussed.
(AGARD-LS-150) Avail: NTIS HC A11/MF A01 M.G.

A general overview of the current methodologies used at SNIA
BPD (Bombrini Parodi-Delfino) in designing solid rocket motor N87-28599# Societe Europeene de Propulsion,
propellant grains is presented. The internal ballistics aspect of Saint-Medard-en-Jalles (France).
grain design is emphasized. The general requirements (thrust COMPREHENSIVE OPTIMIZATION OF SOLID PROPELLANT
versus time curve, volumetric constraints, etc.), the available ROCKET ENGINES IOPTIMISATION D'ENSEMBLE D'UN
technoloy;es (propellant types, manufacturing processes, etc.). and PROPULSEUR A POUDRE]
the methodology for the selection of the most appropriate ANDRE TRUCHOT In AGARD, Design Methods in Solid Rocket
technology are described. In particular, propellant characterization, Motors 12 p (SEE N87-28589 23-20) Mar. 1987 In FRENCH
design of internal geometry, and methods for propellant formulation (AGARD-LS-150) Avail: NTIS HC A11/MF A01
choice are discussed. An analysis of the predictability factors and The goal of comprehensive optimization of solid propellant
how they can be taken into account for contingency planning is engines is to determine the configuration of the highest
reported. Finally, the experimental tests commonly used for grain performance taking into account certain optimization criteria
design validation are summarized. Author involving the range or payload carrying capability of the vehicle.
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An overview of the various specifications (geometric envelope. 31
performance, etc.) and design parameters (operarg conditions.
geometric parameters. and the technologies of each component)
is presented. The development of computer aided design programs ENGINEERING (GENERAL)
is discussed and some example applications are described in order
to illustrate the potential uses of the programs for engine pre-design Includes vacuum technology; control engineering; display

studies. M.G. engineering; cryogenics; and fire prevention.

NS-29003# Advisory Group for Aerospace Research and
Development, Neuilly-Sur-Seine (France). Propulsion and

N62S-16912# Bombrini Parodi-Delfino Sp.A., Colleferro (Italy). Energetics Panel.

Defense and Space Div. INTERIOR BALLISTICS OF GUNS

PROPELLANT GRAIN DESIGN Jan. 1986 220 p Meeting held in Florence. Italy, 9-11 Sep.

S. SCIPPA In AGARD. Design Methods in Solid Rocket Motors 1985; sponsored by the Propulsion and Energetics Panel

20 p (SEE N69-16906 09-20) Apr. 1988 Previously announced (AGARD-CP.392; ISBN-92-835-0388-0; AD-A167107) Avail:

as N87-28595 NTIS HC AlO/MF A01

(AGARD-LS-150-REV) Avail: NTIS HC A1/MF AOl Topics addressed include: liquid propellant guns; cheracleristics

A general overview of the current methodologies used at SNIA of solid gun propellants; gun barrel erosion; low vulnerability

BPO in designing solid rocket motor propellant grains is presented. propellants for guns; experimental and test techniques in interior

The internal ballistics aspect of grain design is emphasized. The ballistics; gun ignition systems; new problems in guns; and traveling

general requirements (thrust vs. time curve, volumetric constraints, charge gun theory. For individual titles see N86-29064 through

etc.). the available technologies (propellant types, manufacturing N86-29078.

processes, etc, and the methodoogy for the selection of the
most appropriate technology are described. In particular, propellant
characterization, design of internal geometry, and methods lot
propellant formulation choice are discussed. An analysis of the N-29069# Royal Military Coll. of Science, Shrivenham
predictability factors and how they can be taken info account for (England).
contingency planning is reported. Finally. the experimental tests BORE TEMPERATURE AND HEAT FLUX IN A 40 MM GUN
commonly used for grain design validation are summarized. BARREL

Author B. LAWTON In AGARD Interior Ballistics of Guns 12 p (SEE

N86-29063 20-31) Jan. 1986
(AGARD-CP-392) Avail: NTIS HC A10/MF A0l

A method of measuring the bore srtace temperature fluctuation
in a 40 mm gun is described. Fast response, i microsecond,

NB-16913# Societe Nationale des Poudres at Explosils, eroding type, surface thermocouples are used and a feature is
Vert-Le-Petit (France). Direction Technique Autopropulsion. that they can tolerate up to 3 mm wear and pressures up to 2000
SOLID PROPELLANT GRAIN DESIGN bar. The bore temperature is measured at three positions along
BERNARD ZELLER In AGARD, Design Methods in Solid Rocket the barrel and the pressure is measured at the breech. All three
Motors 29 p (SEE N89-16906 09-20) Apri. 1988 signals are captured using digital oscilloscopes and are transferred
(AGARD-LS-15O-REV) Avalt:NTISHCAll/MFA0l to a digital computer. The signals are processed to give

To design a solid propellant grain is to conceive and to define instantaneous heat flux, shot velocity. shot travel, and total heat
a grain which satisfies various requirements. The methods and transfer. Gas leakage past the shot is f cund to be significant. A
procedures are described which are used today in France to design simple theory is proposed for calculating the maximum bore
propellant grains. Described and analyzed are: (I) the various types temperatures and the total heat transfer and this theory is confirmed
of grain and the various families of propellant which are available by measurements on fourteen different rounds made up using
and used today; (2) the detailed requirements that a solid propellant three propellants and various charge masses and grain
grain must satisfy; (3) the methods which are used to precisely formulation. Author
define the propellant, the architecture and the configuration of the
grai and more specifically the methods used in order to ensure
required ballistic performance though maintaining structural integrity
of the grain; and (4) an overview on a method of solid propellant
grain reliability assessment. The improvements needed in the area N86-290?0# Prins Maurits Lab, TNO, Ristnlk (Netherlands).
of grain design analysis and the related technical breakthroughs ON THE THERMAL BEHAVIOUR OF THE BARREL DURING
are briefly presented. Author THE INTERIOR BALLISTIC CYCLE OF PROPELLANT GUNS

W. J. KOLKERT, M. WAAS, and N. G. THE In AGARD Interior
Ballistics of Guns 13 p (SEE N86-29063 20-31) Jan, 1986
(AGARD-CP-392) Avail: NTIS HC A10/MF A01

Thermal stress cycling during firing constitutes a major
N89-16914# Air Force Rocket Propulsion Lab., Edwards ArB, mechanism for erosion, wear. and fatigue in gun barrels and cannon
CA. tubes. In order to predict spatial and temporal temperature
STATE OF THE ART OF SOLID PROPELLANT ROCKET MOTOR distributions at the inner envelope of end through the barrel and

GRAIN DESIGN IN THE UNITED STATES in the gas dynamic flow accompanying the interior ballistic cycle,
DURWOOD I. THRASHER In AGARD, Design Methods in Solid a two-dimensional, quasi two-phase flow (turbulent, viscous, and
Rocket Motors 21 p (SEE N89.16906 09-20) Apr. 1988 compressible) model, was developed A one-dimensional model
)AGARD-LS&150-REV) Avail: NTIS HC AlIIMF AWl treating radial heat conduction in the barrel was coupled to this

A brief disscussion is presented of the basic ground rules and flow model. Input parameters for these models were calculated
overall considerations in solid rocket motor design, This discussion with a one-dimensiona, i -o-phase r', burning routine, describing
includes ballistic design considerations, grain features related to propellant deflagration. BesX.J a describtion of these models.
ballistic Jesign and their purposes, primary factors which results of a prediction got heat loss, projectile travel and pressure,
determines stress and strain with solid rocket motor propellant temperature and flow velocity distributions in the gas dynamic
grain structural integrity assurance, including materials flow, and temperature-time histories in the barrel wall are gien
characterizstion, structural analysis, and structural capability for the interior ballistic cycle of a caliber .50in gun. Altthough
verification. The topics addressed include viscoelastic material predicted results for heat flow into and through the barrel and
behavior and the requisite thermomechanical analysis test;ng and predicted temperature-time ,istories in the barrel cannot be
approaches; failure criteria and the appropriatp testing approaches; compared with experimental results in a reliable way at this time,
experimental structural methods, including in situ stress and strain predicted results for pressure-time distributions and projectile-travel
measurement technology; and service life considerations. Author fit the experimental results in a promising way. Author
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N8W29076# Royal Armament Research and Development of laser fhinge anemometer optical design which are applicable to
Establishment. Fort Halstead (England). turbomachine y research are briefly reviewed. Application problems
NOVEL IGNITION SYSTEMS FOR HEAVY CAUBRE GUNS which are common to both laser fringe anemometry (LFA) and
C. N. BOWDEN. G. G. COOK, and P. S. HENNING In AGARD laser transit anemometry (LTA) such as seed particle injection,
Interio Ballistics of Guns 11 p (SEE N86-29063 20-31) Jan. optical access to the flowlield. and measurement of rotor rotational
1986 position are covered. The efficiency of various data acquisition
(AGARD-CP-392) Avail: NTIS HC A10/MF A01 schemes is analyzed and issues related to data integrity and error

In recent years there was a trend towards steadily rising gun estimation are addressed. Real-time data analysis techniques aimed
pressures, especially in direct fire weapons and this has caused at capturing flow physics in real time are discussed. Finally, data
many functional problems to arise with conventional vent tube reduction and analysis techniques are discussed and illustrated
ignition systems. To overcome these problems and to allow the using examples taken from several LFA turbomachinery
process of gun development to continue, the United Kingdom is applications. Author
performing a program of research into a number of ignition systems
for heavy caliber guns. These include: spark ignition, laser ignition, N87-21179# Advisory Group for Aerospace Research and
and electrical impulse ignition. A number of different spark plug Development Neuilly-Sur-Seine (France).
configurations were evaluated. Extensive trials were performed on NOW TO SELECT A LASER VELOCIMETER FOR A GIVEN
the ignition characteristics of black powders and black powder APPLICATION? [COMMENT CHOISIR UN VELOCIMETER
substitutes using an experimental 4 J neodymium laser. Work was LASER POUR UNE APPLICATION DONNEE)
also performed on the development of high pressure sapphire A. BOUTIER In AGARD Advanced Instrumentation for Aero Engine
windows. A study into methods of charge ignition by electrical Components 18 p (SEE N8721170 14-31) Nov. 1986 In
impulse techniques was also performed. Author FRENCH

(AGARD-CP-399) Avail: NTIS HC A24/MF A01
N86-29078# Institut Franco-Allemand de Recherches. Saint-Louis The different types of laser velocimeters are described with
(France). reference to their domains of utilization, their qualities, and their
HIGH-PRESSURE COMBUSTION: COMPARISON OF limitations. The fringe velocimeters are suitd for acquiring local
THEORETICAL AND ACTUAL RESULTS [COMBUSTION SOuS and instantaneous velocity vectors, mean velocity vectors and
HAUTES PRESSIONS CONFRONTATION THEORIE complete Reynolds Tensors. Their most serious limitation is their
EXPERIENCE) inability to measure velocities near the wall which the beams
0. GRUNE and M. SAMIRANT in AGARD Interior Ballistics of normally strike. This is why two-point velocimeters have been
Guns 7 p (SEE N6-29063 20-31) Jan. 1986 In FRENCH developed for applications with turbomachines where fluid flows
(AGARD-CP-392) Avail: NTIS HC A1O/MF A01 are confined to very narrow channels. On the other hand these

Following the observatior of important variances (30 to 50%) two-point velocimeters cannot probe flows with a turbulence rate
between the theoretical and -tual values obtained during a study exceeding 10 to 15%. A model of a two-beam velocimeter at
of the combustion pressure of powders of approximately 1.500 ONERA has given very promising results with highly turbulent flows.
MPa, the differences for several tests were compared. The A conspectus is presented with the objective of providin3 guidance
composition of the combustion gases were analyzed. In addition, in the selection of the most appropriate laser velocimeter for a
the deformation of a manometer explosive device was studied given experimental condition. Author
during the ignition stage. Data was obtained concerning the
deformation resulting from the high pressure. B.G. N87-21183# National Aeronautics and Space Administration.

Lewis Research Center, Cleveland, OH.
N87-21170# Advisory Group for Aerospace Research and COMBINED FRINGE AND FABRY-PEROT LASER
Development. Neuily-Sur-Seine (France). Propulsion and ANEMOMETER FOR 3 COMPONENT VELOCITY
Energetics Panel. MEASUREMENTS IN TURBINE STATOR CASCADE FACILITY
ADVANCED INSTRUMENTATION FOR AERO ENGINE RICHARD G. SEASHOLTZ and LOUIS J. GOLDMAN In AGARD
COMPONENTS Advanced Instrumentation for Aero Engine Components 15 p
Nov. 1986 556 p In ENGLISH and FRENCH Symposium (SEE N87-21170 14-31) Nov. 1986 Previously announced as
held in Philadelphia, Pa., 19-23 MEy 1986 N86-24967 Sponsored by NASA
(AGARD-CP-399; ISBN-92-835-0401-1; AD-A182954) Avail: (AGARD-CP-399) Avail: NTIS HC A24/MF A01 CSCL 14B
NTIS HC A24/MF A01 A laser anemometer is described that was developed for use

The Symposium was addressed to research scientists and in a 508 mm diameter annular turbine stator cascade facility. All
development engineers for aero engines in order to discuss the three velocity components are measured through a single restricted
state-ol-the-art and to be informed on new measurement optical port, both within the stator vane row and downstream of
possibilities. The scope included Coherent Anti-Stokes Raman the vanes. The measurements are made through a cylindrical
Spectroscopy (CARS), laser anemometry, pyrometry, clearance window in the casing that matches the tip radius of the cascade.
measurement including X-ray, high speed data acquisition and The stator tested has a contoured hub endwall that results in a
processing, stress measurement and vibration and thin layer large radial flow near the hub. The anemometer uses a standard
technique, unsteady and transient phenomena, and future fringe configuration (LFA) with a fluorescent aerosol seed to
prospects. For individual titles see N87-21171 through measure the axial and circumferential vulocity components. The
N87-21205. radial component is measured with a contocal Fabry-Perot

interferometer. The two configurations are combined in a single
N67-21176*# National Aeronautics and Space Administration. optical system and can operate simultaneously. Data are presented
Lewis Research Center, Cleveland, OH. to illustrate the capabilities of the system. Author
LASER FRINGE ANEMOMETRY FOR AERO ENGINE
COMPONENTS N87-21203# Oxford Univ. (England). Dept. of Engineering.
ANTHONY J. STRAZISAR In AGARD Advanced Instrumentation A STUDY OF PASSAGE FLOW THROUGH A CASCADE OF
for Aero Engine Components 32 p (SEE N87-21170 14-31) Nov. TURBINE BLADES USING IMAGE PLANE HOLOGRAPHIC
1986 Sponsored by NASA INTERFEROMETRY
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 M. L. G. OLDFIELD, P. J. BRYANSTON-CROSS (Rolls-Royce Ltd.,

Advances in flow measurement techniques in turbomachinery Derby. England), J. H. NICHOLSON. and C. T. J. SCRIVENER
continue to be paced by the need to obtain detailed data for use In AGARD Advanced Instrumentation for Aero Engine Components
in validating numerical predictions of the flowfield and for use in 12 p (SEE N87-21170 14-31) Nov. 1986 Previously announced
the development of empirical models for those flow features which as N87-15970
cannot be readily modelled numerically. The use of laser (AGARD-CP-399) Avail: 'ITIS HC A24/MF A01
anemometry in turbomachinery research has grown over the last Holographic interferograms showing the flow through two
14 years in response to these needs. Based on pest applications passages of a cascade of turbine rotor blades in an isentropic
and current developments, the key issues which are involved when light piston tunnel with full-scale Reynolds numbers, Mach numbers,
considering the application of laser anemometry to the and gas-to-wall temperature ratios are presented. Double exposure
measurement of turbomachinery flowfields are discussed. Aspects absolute and differential image plane holograms Of the complete
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flow field under a range of conditions were obtained. The isodensity coriventionally cast but achieve a very fine grain size at sheet
contours predicted by a time marching throughflow calculation stage by careful thermal mechanical treatment during the later
compare well with the positions of the interference fringe on the stages of semi-fabrication. With titanium, the standard production
holograms. The intersections of these fringes with the blade route for the Ti-6AI-4V alloy results in a product with superplastic
surfaces give blade surface Mach numbers which agree well with capabilities perfectly adequate for most applications. Author
those from surface pressure measurements. Wakes, shock waves,
and the presence of upstream and side wall turbulence are all N9-15262# Advisory Group for Aerospace Research and
evident in the holograms. Author Development, Neuilly-Sur-Seine (France). Structures and Materials

Panel.
N$7-21204*# National Aeronautics and Space Administration. AEROSPACE MATERIALS PROCESS MODELLING
Lewis Research Center, Cleveland, OH. Aug. 1988 263 p In ENGLISH and FRENCH Meeting held in
BEAM-MODULATION METHODS IN QUANTITATIVE AND Cesme. Turkey, 2-4 Oct. 1987
FLOW-VISUIAUZATION HOLOGRAPHIC INTERFEROMETRY (AGARD-CP-426; ISBN-92-835-0476-3; AD-A202494) Avail:
ARTHUR J. DECKER In AGARD Advanced Instrumentation for NTIS HC A12/MF A01
Aero Engine Components 16 p (SEE N87-21170 14-31) Nov. The modeling behavior of metallic materials, and in particular
1986 Sponsored by NASA the forming of components such as castings and formings. are
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 CSCL 20F discussed. For individual titles, see N89-15263 through

Heterodyne holographic interferometry and time-average N89-15281.
holography with a frequency shifted reference beam are discussed.
Both methods will be used for the measurement and visualization N89-15263# Air Force Wght Aeronautical Labs.,
of internal transonic flows where the target facility is a flutter Wright-Patterson AFB. OH.
cascade. The backgrOund and experimental requirements for both PROCESSING SCIENCE AND MATERIALS DEVELOPMENT
methods are reviewed. Measurements using heterodyne HAROLD L. GEGEL In AGARD. Aerospace Materials Process
holographic interferometry are presented. The performance of the Modelling 15 p (SEE N89-15262 07-31) Aug. 1988
laser required for time-average holography of time-varying transonic (AGARD-CP-426) Avail: NTIS HC A12/MF A01
flows is discussed. Author The development of advanced technologies for the fabrication

ot close-tolerance parts, in conjunction with the development of
N87-29484# Norwegian Defence Research Establishment, advanced materials, plays a key role in the design and
Kieller. manufacturing of affordable aerospace systems. New process and
AN INTELLIGENT MULTI-TARGET TRACKING SYSTEM product-design concepts must be evolved in parallel with the
E. HEYERDAHL In AGARD, Advances in Guidance and Control development of advanced materials for future systems in order to
Systems and Technology 9 p (SEE N87-29474 24-04) Jul. 1987 exploit the achievements being made in materials science and to
(AGARD-CP-411) Avail: NTIS HC A07/MF A01 tailor specific properties while simultaneously producing controlled

An implementation of a general tracking system, integrating geometrical shapes. A scientific description of production
the target acquisition and tracking subsystems, was developed. It equipment and, in general, physical objects, media, fields, and
is based on image analysis and extensive use of models. The interface and material-related phenomena requires theoretical
system permits improvements compared to in-service trackers in models which are capable of predicting the response of the
the sense that it enables multi-target tracking, automatic acquisition fabricating system to the initial inputs. The design of a product
also during tracking and tracking through obscurations. The system and the corresponding manufacturing process generally requires
is an implementation of a general tracking system. This system both deterministic models and expert systems which utilize designer
produces alternative estimates of a target and projects the intuition and logic in finding acceptable solutions. Reviewed here
corresponding objects into the image plane. To do this estimates are some of the recent developments in process modeling as
of the projecting function are used. The different projections are related primarily to metalworking systems and how they aid in the
synthesized through a thresholding process. The implemented understanding of the role of computer and human expertise in
system uses parallel (<alman filters to produce the object estimates modern computer-aided engineering (CAE). Author
and estimates the sensor position through a model of sensor
dynamics and measurements of sensor angle velocity. Results, N89-15264# Military Academy, Ankara (Turkey).
produced by the implemented system from IR imagery of a moving MODELLING OF DEFORMATION AND MICROSTRUCTURAL
target in field are presented. Author CHANGES IN P/M RENE 95 UNDER ISOTHERMAL FORGING

CONDITIONS
N87-29648# British Aerospace Public Ltd. Co., Bristol (England). 0. ALNIAK, D. D. MORPHY, T. TERADA, A. K. KOUL, and J-P
Production Improvements. IMMARIGEON (National Aeronautical Establishment, Ottawa,
DESIGNING FOR SUPERPLASTIC ALLOYS Ontario ) In AGARD, Aerospace Materials Process Modelling 18
D. STEPHEN In Advisory Group for Aerospace Research and p (SEE N89-15262 07-31) Aug. 1988
Superplasticity 37 p (SEE N87-29641 24-26) Aug. 1987 (AGARD-CP-426) Avail: NTIS HC A12/MF A01
(AGARD-LS-154) Avail: NTIS HC A10/MF A01 The changes in microstructure induced by forging and their

Substantial evidence exists to support the claim that titanium influence on flow strength in hot isostatically pressed P/M Rene
alloys, when processed by the superplastically formed (SPF) 95 as revealed by constant true strain compression tests under
diffusion bonded (DB) route, can compete in weight and more simulated isothermal forging conditions are discussed. Results are
particularly cost, with conventional aluminum fabrication. This is presented for initially fine (7 micron) and coarse (50 micron) grained
likely to be a major factor in the future exploitation of these compacts tested at temperatures of 1050, 1075 and 1100 C and
processes and clearly requires a revision to the designers traditional at strain rates in the range from 10 to the minus 4th powers (-1)
views of the areas of application for titanium alloys. However, the to I s(-1). Under these tests conditions, both the fine and coarse
development of a combined SPF/DB process for aluminum alloys, grained compacts recrystallize and their grain size is refined during
with the full range of capabilities provided currently by titanium flow. This grain refinement gives rise to softening in both materials.
alloys, remains to be established. Author Ultimately, their microstructures transform into the same equiexed

fine grained microduplex structure at which point their flow strength
NS7-29649# Alcan International Ltd., London (England), becomes identical. Continued deformation at that point oroduces
THE MANUFACTURE OF SUPERPLASTIC ALLOYS no further change in grain size or flow strength. Under this steady
R. GRIMES In Advisory Group for Aerospace Research and state regime of deformation, the microduplex grain size and flow
Superplasticity 16 p (SEE N87-29641 24-26) Aug. 1987 strength are independent of the original microstructure but are
(AGARD-LS-154) Avail: NTIS HC A10/MF A01 conditioned by the strain rate at a given temperature. The steady

Amongst aluminum alloys, the Al-6 percent Cu-0.4 percent Zr state grain size increases whereas the steady flow strength
system that typifies the Supral alloys requires a specially developed decreases with a decrease in strain rate and/or an increase in
casting system in order to achieve a very high level of temperature. It is shown how changes in microstructure and
supersaturation with zirconium. Subsequent manufacturing is fairly flowstrength during isothermal forging can be modelled in P/M
conventional, the sheet product recrystallizing dynamically during Rene 95 compacts by means of established deformation models
superplastic forming. The higher strength aluminum alloys are for predicting peak flow strength, using the steady state deformation
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data as a boundary condition for the evolution of mcrostructure developed to simulate metal flow in deformation processes such
and flow strength and a model for deformation-induced as forging and extrusion. Wedge-shaped specmens were machined
recrystallization during forging that has been recently developed from plates of 1100-F and 6061-T6 aluminum, and grids were
for this class of matlrals. Author engraved on the meridian plane by means of a CNC engraver.

The specimens were annealed and compressed in a
N8W15265# Marmara Research Inst.. Gelize (Turkey). Materials channel-shaped segmented die at room temperature. Author
Research Dept.
PREDICTiON OF TEMPERATURE DISTRIBUTION IN
AXISYMMETRIC EXTRUSION
S. ONURLU In AGARD, Aerospace Materials Process Modelling N9-T273# Structural Dynamics Research Corp., Milford, OH.

8 p (SEE N89-15262 07-31) Aug. 1988 SIMULATION AND DESIGN OF HIGH PRECISION UNIT

(AGARD-CP-426) Avail: NTIS HC A12/MF A01 PROCESSES VIA NUMERICAL METHODS

In extrusion, the knowledge of temperature distribution is helpful ROGER STAFFORD In AGARD, Aerospace Materials Process

in selecting process variables such as speed, initial temperatures Modelling 21 p (SEE N89-15262 07-31) Aug. 1988

and cooling conditions to optimize the process. This study describes (AGARD-CP-426) Avail: NTIS HC A12/MF AOl

a computer-aided numerical technique for the calculation of SDRC has developed new computer codes specifically tailored

temperature distribution in the billet, extruded product and tools. for precise and fist simulations of manufacturing processes. Cntical

The model is based upon Avitur's spherical velocity field and aspects of unit processes involve nonlinear transient heat transfer

extended to include transient heat conduction, heat generations coupled with slow creeping flow. Finite element methods are

and mass transport effects on the basis of local temperatures chosen. Numerical algorhms are adopted which are specifically

and Or'ir rates. The finite difference formulation of the problem suited to the problem. Key elements of these simulations are

considers the heat generation and conduction in each time step outlined. SDRC has integrated unit process simulations with

of the solution. A computer program is developed to solve the CAD/CAM design systems, analysis graphics systems, automated

problem. Temperature distributions are calculated as a function of inspection, and data base. An example will illustrate data flow.the extrusion o aluminum alloys smulation results, and how engineers are using these tools to
time. Predicted temperatures for texruinoalmumloy design new processes for large complex parts. Author
AA 2014 and 2024 are compared with experimental data.

Author

N89-1526# University Coll. of Swansea (Wales). Reader in N89-15274# Technische Hogeschool Twente, Enschede
Materials Engineering. (Netherlands). Dept. of Mechanical Engineering.
METALLURGICAL MODELLING OF SUPERALLOY DISC A MIXED EULERIAN-LAGRANGIAN FINITE ELEMENT METHOD
ISOTHERMAL FORGINGS FOR SIMULATION OF THERMO-MECHANICAL FORMING
R. W. EVANS In AGARD, Aerospace Materials Process Modelling PROCESSES
17 p (SEE N89-15262 07-31) Aug. 1988 J. HUETINK and J. VANDERLUGT In AGARD, Aerospace
(AGARD-CP-426) Avail: NTIS HC A12/MF A0 Materials Process Modelling 8 p (SEE N89-15262 07-31) Aug.

The metallurgical structure of superaloy aeroengine disc 1988
forgings is a complex function of the forging operation parameters (AGARD-CP-426) Avail: NTIS HC A12/MF A01
and the post forging heat treatment. It is often desirable to obtain A mixed Euleran-Lagrangian finite element method is developed
certain specific structures in parts of the disc which are, for by which nodal point locations can be adapted independently from
instance, resistant to crack propagation and this has traditionally the actual material displacements. Numerical difficulties due to
been accomplished by means of a series of production trials. large element distortions, as many occur when the updated
This expensive and time consuming procedure can be considerably Lagrange method is applied, can be avoided by this method.
shortened if the development of microstructure during the forging Movement of (free) surfaces can he taken into account by adapting
can be accurately modelled by a suitable computer code. Described nodal surface points in a way that they remain on the surface
here is such a model and its use in the design of isothermal Hardening and other deformation path dependent properties are
forged components. The model discribed is a fully thermally coupled determined by incremental treatment of convective terms. A local
visco-plastic finite element algorithm. It treats nodal velocities as and a weighed global smoothing procedure is introduced in order
the basic unknowns and both the mesh geometry and the various to avu,u nunerical instabilitis. The mthod has been applied to
metallurgical structural terms are updated by a single step Euler simulations of an upsetting process, a wire drawing process and
scheme. Facilities are available for ensuring that surface nodes a cold rolling process. In the simulation of the rolling process,
follow die shapes after impingement, that flow is incompressible both workpece and roll are simultaneously analyzed in order to
and that suitable surface friction forces are applied. Throughout predict the flattening of the roll. Special contact-slip elements are
the whole forging process (which may involve the re-meshing of developed for the tool-workpiece interface. Author
severely distorted elements), the metallurgical history of elements
is retained so that the effects of subsequent heat treatments can
be assessed. Author

N89-15275# Middle East Technical Univ.. Ankara (Turkey). Dept,
N89-15269# Dayton Univ., OH. Dept. of Mechanical of Mechanical Engineering.
Engineering. FINITE-ELEMENT-SIMULATION OF METAL-FORMING
PHYSICAL MODELING AND VISIOPLASTICITY STUDIES OF PROCESSES
THE FORGING PROCESS A. E. TEKKAYA In AGARD, Aerospace Matvrials Process
V. K. JAIN and R. SRINIVASAN (Wright State Univ.. Dayton, OH.) Modelling 13 p (SEE N89-15262 07-31) Aug. 1988
In AGARD, Aerospace Materials Process Modelling 13 p (SEE (AGARD-CP-426) Avail: NTIS HC A12/MF A01
N89-15262 07-31) Aug. 1988 For the metal forming industry, numerical simulation procedures,
(AGARD-CP-426) Avail: NTIS HC A12/MF AOl through which the tremendous costs for process development and

An analytical technique, which employs the approach of experimental tools can be reduced, are gaining an increasing
visioplasbiity for evaluating large plastic strains such as those significance. Here, a finite element code, based on the well-known
occurring in metalforming, is presented. The distortion of a elastic-plastic formulation by McMeeking and Rice will be given
quadrilateral element of a grid was tracked to compute strains and somc teresting industmi metal forming applications are
during ,,tormation. Here, two lines of a quadrilateral are used discussed. The finite element approach is of updated Lagrangian
(Ilength before and after deformation and direction cosines before type utilizing a generalized Prandtl-Reuss flow rule together with
deformation) to determine the true effective strain in the element, the v.Mises yield criterion. Nonlinearities resulting from the material
Although the method can be applied to any mode of deformation, response and the complex kinematics of the problem are handled
ifs application plane-strain deformation is considered. The method numerically through the self-correcting and the midpoint stiffness
has been verified by application to basic cases of deformation methods. Examples of applcation cover the analysis of residual
such as uniaxial compression. tension, pure shear, and rotation of stresses in extrusion, the simulation of the Sachs boring-out
element Wedge testing was used for verification of the analytical method, as well as the simulation of instabilities and
results of a visco-plastic finite-element program ALPID which was deep-drawing. Author
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N89-15276# Argonne National Lab., IL. N89-15279# Societe Nationale d'Etude et de Construction de
GENERIC CASTING MODELING Moteurs d'Aviation. Evry Cedex (France).
WILLIAM T. SHA In AGARD, Aerospace Materials Process INDUSTRIAL INTRODUCTION OF THE MODELING OF
Modelling 16 p (SEE N89-15262 07-31) Aug. 1988 AERONAUTICAL FORGING AND FOUNDRY PROCESS
(AGARD-CP-426) Avail: NTIS HC A12/MF A01 SIMULATION (INTRODUCTION INDUSTRIELLE DE LA

A detailed model is given of fluid flow coupled with heat MODELISATION DE SIMULATION DE PROCEDES EN FORGE
transfer of a liquid melt for casting processes. The model is an ET FONDERIE AERONAUTIGUE)
extension of the COMMIX code and is capable of handling castings ERIC BACHELET and YVES HbNNORAT In AGARD, Aerospace
of any shape, size, and material. While much of the emphasis is Materials Process Modelling 9 p (SEE N89-15262 07-31) Aug.
placed on fluid flow and heat transfer, a brief mention of R and 0 1988 In FRENCH
needs in modeling of metallurgical aspects, as well as (AGARD-CP-426) Avail: NTIS HC A12/MF A0l
stress/deformation is also outlined. A feature of this model is the Problems encountered in the industrial application of
ability to track the liquid/gas interface and liquid/solid interface. It aeronautical forging and foundry process simulation modeling which
can also calculate alloy element distributions providing that arise from both the complexity of the processes simulated and
constitutive relations such as interfacial drag between alloy the geometries considered are reviewed. It is noted that current
elements are available. The flow of liquid melt through the sprues, three-demensional meshes are useful in modeling complex
runners, and gates into the mold cavity is calculated, along with geometries. Such simulation programs make possible: (1) detailed
three-dimensional temperature and velocity distributions of the process analysis; (2) the study of the sensitivity of various
liquid melt throughout the casting process. Author fabrication parameters; (3) equipment optimization; and (4) the

efficient automation of fabrication. The most advanced modeling
integration has been in the industrial production of large
axisymmetric forged parts. Author

N89-15277# Societe Nationale d'Etude et de Construction de N89-15280# Inco Engineered Products Ltd.. Birmingham
Moteurs d'Aviation, Gennevilliers (France). (England).
A NUMERICAL MODEL OF DIRECTIONAL SOLIDIFICATION OF AN APPLICATION OF COMPUTER MODELLING TO
CAST TURBINE BLADES ISOTHERMAL FORGING
GHISLAINE LAMANTHE and L. VERMOTDESROCHES In P. S. BATE In AGARD, Aerospace Materials Process Modelling
AGARD, Aerospace Materials Process Modelling 5 p (SEE 10 p (SEE N89-15262 07-31) Aug. 1988
N89-15262 07-31) Aug. 1988 (AGARD-CP-426) Avail: NTIS HC A12/MF A01
(AGARD-CP-426) Avail: NTIS HC A12/MFA1 In isothermal forging the workpiece is maintained at aA finite element model of the thermokineics of the directional reasonably constant temperature throughout the deformation.
solidification of cast turbine blades is discussed. The main difficulty Because the dies must withstand high temperatures and the
to be solved to obtain an appropriate modelling of the phenomenon process times are long, the method is restricted to the production
lies in the high amount of radiative heat transfers, in a case where of high values components. This makes the process inherently
geometry is complex, thermal grad;ents high and boundary expensive and so a reliable simulation in useful for process design.
conditions variable with time. The model treats these transfers by Within certain constraints, mainly those concerned with adequate
meshing the radiant surfaces and applying shape factors. The representations of material behavior, finite element methods can
other requirements of such an approach are: an appropriate provide such a simulation. The method used to model disc and
knowledge of the boundary conditions of the furnance, and the blade-section forging is described. This is a two-dimensional finite
thermal properties of materials (ceramic shells, etc.). Experiments element analysis using a finite incremental/iterative technique for
have shown a fair consistency between the thermal fields predicted elasto-viscoplastic materials. The mesh is defined by material
by the model and temperature data recorded during the points, and can be readily redefined during the simulation Graphical
solidification of a cluster of complex bars representative of turbine display of the material deformation allows likely problems to be
blades. Author identified. Experiments using simple stress state testing have

revealed that commonly used relationships are inadequate for
prcdicting the flow stress of important matrials. The type used i;
the modelling described here attempts an inproved relationship.

N89-1527S# General Electric Co., Cincinnati, OH. Aircraft Engines involving a structure related state variable. The evolution of this

Dept. variable in the model car, together with experimental simulations,
U.E OF VENDOR CONSORTIUMS FOR IMPLEMENTATION OF give a reasonable indication of the development of microstructure
PROCESS SIMULATION TECHNOLOGY during forging. Author
SULEKH C. JAIN and KENNETH C. MADDUX (Structural Dynamics
Research Corp., Milford. OH.) In AGARD, Aerospace Materials N89-17685# Advisory Group for Aerospace Research and
Process Modelling 22 p (SEE N89-15262 07-31) Aug. 1988 Development, Neuilly-Sur-Seine (France). Structures and Materials
(AGARD-CP-426) Avail: NTIS HC At2/MF A0l Panel.

The aerospace Vendor Supplier Industry in the United States BEHAVIOUR AND ANALYSIS OF MECHANICALLY FASTENED
is now moving from the Trial and Error approach to the Plan, JOINTS IN COMPOSITE STRUCTURES
Predict and Produce philosophy. This new discipline offers reduced Mar. 1988 307 p In ENGLISH and FRENCH Meeting held in
development time, near net shapes, improved part quality, reduced Madrid, Spain, 27-29 Apr. 1987 Original contains color
inspection, and hence reduced overall cost. The emphasis now is illustrations
to make it right the first time in the shortest time and at least (AGARD-CP-427, ISBN-92-835-0431-3; AD-A199171) Avail.
cost. Due"ng the last decade there has been a tremendous amount NTIS HC At4/MF A01
of progress in the development of fundamental Computer Aided The rapidly increasing use of composite structures in NATO
Engineering (CAE) tools for unit manufacturing process simulation, aerospace has intensified interest in methods of strength, and life
Much of this effort in the United States has been sponsored and analysis. At the same time the introduction of new tough resins
funded by the United States Air Force and other government has increased the static strength of composite joints with
agencies. The tools have been correlated and validated to actual implications for the corresponding strength in fatigue. A number
problems in laboratories and shop floors and a reasonable level of NATO nations have built up data bases and developed methodq
of confience and vendor acceptance has been achieved. These for strength and life analyses; in order to take advantage of
tools include simulation for: forging, extrusion, heat treatment. these resources the Structures and Materials Panel held a
investment casting, ring rolling, chip removal. The challenge now Specialists' Meeting, in conjunction with the 64th Panel Meeting,
is to implement these tools at vendor sites and to utilize these at Madrid, Spain on 27th-29th April 1987, under the chairmanship
technologies on an ongoing basis to assist in preventing real world of Professor Vittorio Giavotto, to provide a focus for methods of
problems. The success and the status of implementation of this analysis and the identification of research needs. This volume
technology with major United States aerospace forging vendors contains the papers presented at this Specialists' Meeting. For
are discussed. Author individual titles. see N89-17686 through N89-17705.
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N89-17706# Advisory Group for Aerospace Research and N86-27567# Hull Univ. (England). Dept. of Electronic
Development. Neuilly-Sur-Seine (France). Electromagnetic Wave Engineering.
Propagation Panel. THE DESIGN OF STATIC AND MOBILE HF COMMUNICATION
SCATTERING AND PROPAGATION IN RANDOM MEDIA SYSTEMS
Mar. 1988 538 p In ENGLISH and FRENCH Meeting held in M. DARNELL In AGARD Propagation Impact on Modern HF
Rome, Italy, 18-22 May 1987 Communications System Design 25 p (SEE N86-27566 18-32)
(AGARD-CP-419; ISBN-92-835-0444-5; AD-A194694) Avail: Mar. 1986
NTIS HC A23/MF AO (AGARD-LS-145) Avail: NTIS HC A09/MF A01

The topic of scattering and progagation in random media has The lecture deals with more specific aspects of HF
implications for the design, development, and operation of most communication system design arising from a previous lecture
military systems that radiate energy as a means of accomplishing entitled HF system design principles presented as part of AGARD
their functions. Primary emphasis is on scattering and transmission Lecture Series 127 in 1983. The major topics considered are: (1)
in the atmosphere; however, other related random medium effects the design of point-to-point systems; (2) the design of systems
are not excluded. Modem methods of characterizing random media, involving mobile terminals; (3) system control and frequency
mathematical methods and their applicability, effects on management; (4) resistance to interception and disruption. The
electromagnetic waves and the interpretation of these effects to lecture is intended to provide a technical framework for later
specific system applications are described. The region of the lectures covering the more detailed aspects of HF communication
spectrum considered is essentially unlimited and ranges from very system design. Author
;ong waves to optics. The performance of existing surveillance
communication and navigation systems as well as the design of NW8-27568# Norwegian Defence Research Establishment.
future systems is influenced by the propagation of energy via Kieffer.
random media. An understanding of the nature of the medium PROPAGATION 1: STATE OF THE ACT OF MODELLING AND
and its impact on system design and performance is For individual PREDICTION IN HF PROPAGATION
titles, see N89-17707 through N89-17752. E.V. THRANE In AGARD Propagation Impact on Modern HF

Communications System Design 21 p (SEE N86-27566 18-32)
Mar. 1986 Previously announced as N83-30864
(AGARD-LS-145) Avail: NTIS HC A09/MF A01

N89-184419 Organisstie voorToegepast Natuurwetenschappelilk The lecture reviews the state of the art in HF propagation
Onderzoek, Delft (Netherlands). Road-Vehicles Research Inst. modelling and describes the principles of radio frequency
MADYMO CRASH VICTIM SIMULATIONS: A FLIGHT SAFETY predictions. As a basis for the discussions, a brief introduction is
APPLICATION given to the ionospheric parameters of importance to
J. WISMANS and J. A. GRIFFIOEN In AGARD, Energy Absorption HF-propagation. Current methods for frequency prediction are
of Aircraft Structures as an Aspect of Crashworthiness 6 p (SEE semi-empirical, that is they depend upon a large data base of
N89-18421 11-03) Dec. 1988 ionospheric physical models of the ionosphere and of radio wave
(AGARD-CP-443) Avail: NTIS HC A15/MF A01 propagation through the medium. In addition models of the noise

MADYMO is a computer program for two- or three-dimensi-nal and interference environment must be included. The lecture
simulation of human body gross motions. The program was discusses the principles on which the methods are based, as well
designed particularly for crash analyses. In the past years the as their limitations. Examples are given of the use of predictions
program was applied and validated extensively for vehicle safety in system planning and communications. The relative importance
research. An application is described in the field of flight safety: of skywave and ground wave communications in the HF-band is
the simulation of a space shuttle crew escape system. Author discussed. Author

N86-27569# Hull Univ. (England). Dept. of Electronic
Engineering.
EMBEDDED REAL-TIME CHANNEL EVALUATION
TECHNIQUES

32 M. DARNELL In AGARD Propagation Impact on Modern HF
Communications System Design 16 p (SEE N86-27566 18-32)
Mar. 1986

COMMUNICATIONS AND RADAR (ArARD-LS-145) Avail: NTIS HC A09/MF A01
The requirement for real-time channel evaluation (RTCE) in

Includes radar; land and global communications; communications HF systems is identified and discussed in detail. Vanous scenanos
theory; and optical communications, in which RTCE is applicable are examined and classified. Specific

RTCE techniques and systems are then described including:
Pulse/modulated pulse sounding, chirp sounding, limited channel

N86-275866# Advisory Group for Aerospace Research and monitoring, interference characterization, and in-band RTCE The
Development. Neuilly-Sur-Seine (France). Electromagnetic Wave application of RTCE to practical HF systems is discussed and the
Propagation Panel. benefits accruing from its use quantified. Author
PROPAGATION IMPACT ON MODERN HF COMMUNICATIONS
SYSTEM DESIGN N8-27570# Harvard-Smithsonian Center for Astrophysics,
Mar. 1986 187 p Lecture series held in Brussels. Belgium. Cambridge, MA.
21-22 Apr. 1986; in Issy-les-Moulineaux, France, 24-25 Apr. 1986; AN INTRODUCTION TO ERROR-CONTROL CODING WITH
and in Copenhagen. Denmark, 28-29 Apr. 1986 APPLICATION TO HF COMMUNICATIONS
(AGARD-LS-145 ISEN-92-835-1521-8; AD-A171300) Avail: M. D. GROSSI In AGARD Propagation Impact on Modern HF
NTIS HC A09/MF AOl Communications System Design 16 p (SEE N86-27566 18-32)

AGARD Lecture Series 145 is concerned with high frequency Mar, 1986
communications and is sponsored by the Electromagnetic Wave (AGARD-LS-145) Avail: NTIS HC A09/MF A01
Propagation Panel of AGARD and implemented by the Consultant The increasing demand for reliable, low error-rate, high-speed
and Exchange Program. The aim of these lectures is to survey digital data transmission at HF has created the need for the
problems in the field of HF Communications. The lectures cover adopting of coding schemes. As it is well appreciated by the
needs of both the civil and military communities for high frequency practicing communicator, a problem in high-speed data
communications. They discuss concepts of real time channel transmission is the occurrence of errors, Codes provide an effective
evaluation, system design, as well as advances in equipment, in approach for the reduction of the error rate. Linear block codes
propagation, and in coding and modulation techniques. The lectures (of which cyclic codes are a subclass) and convolutional codes
are aimed to bring non-specialists in the field up to date so that are the main categories of codes of interest to HF communications.
HF communications can be considered as a viable technique at They are capable of correcting random errors due to white Gaussian
this time' The problems. difficulties and limitations of HF are also noise, as well as burst errors due to impulse noise. In block codes,
outlined. For individual titles see N86-27567 through N86-27576. a block of information bits is followed immediately by a group of
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check bits. The latter verity the presence of errors in the former. users, but there is now renewed interest in the low cost and
In convolutionar coues. check tits wae .xouiriuously interleaved surevauifity attributes ot HF radio. At tIs ame, wh.n ild HF prime
with infirmation bits, and they check the presence of errors not systems need replacement for logistical reasons, the need for low
only in the block imrediately preceeding them, but in other blocks cost communications that can survive jamming, nuclear effects,
as well. For the various coding schemes reviewed in the lecture, and space warfare is not satisfied. The HF renaissance is the
several numencal examples are given, to help in the quantitative response to this challenge. Logistical replacement procurements
appraisal of the n erits of a code, versus required equipment that provide new capabilities are redressing the attriton of
complexity. Author vacuum-tube radio equipment over the last decade. Procuring

organizations typically compile specifications comprising
N86-27571 # Signatron, Inc., Lexington, MA. state-of-the-art and new capabilities offered by competing vendors.
MODERN HF COMMUNICATIONS, MODULATION AND Integrated circuits, which include microprocessors, synthesizer ele
CODING ments, and other evolving components. have led to new circuit
P. MONSEN In AGARD Propagation Impact on Modern HF architectures. The first of the following three sections describes:
Communictions System Design 13 p (SEE N86-27566 18-32) Receivers; Transceivers and Antenna Couplers; Antenna Kits; and
Mar. 1986 Previously announced as N83-30867 Audio Channel Peripherals. Author
(AGARD-LS-145) Avail: NTIS HC A09/MF A01

Digital communications over High Frequency radio channels N86-27574# Norwegian Defence Research Establishment,
are limited by the effects of time varying multipath signals and an Kjeller.
impulsive noise characteristic. Modulation techniques which utilize PROPAGATION 2: PROBLEMS IN HF PROPAGATION
adaptive receiver structures in conjunction with advanced error E. V. THRANE In AGARD Propagation Impact on Modern HF
correction coding concepts can provide quality communication at Communications System Design 17 p (SEE N86-27566 18-32)
beth low data rates around 10 bps and high data rates around Mar. 1986 Previously announced as N83-30870
2400 bps. The multipath channel is examined and two basic (AGARD-LS-145) Avail: NTIS HC A09/MF A01
constraints are introduced. When the learning constraint is satisfied, The ionosphere is not a perfect reflector for HF-waves, and
it is possible to estimate the channel multipath gain and phase the lecture will review some of the resulting propagation problems.
components. The diversity constraint establishes the necessary Some of these are encountered during undisturbed ionospheric
condition for implicit diversity. For low data rate applications where conditions, such as multipath reflections, but most problems are
Intersymbol Interference (ISI) is negligible, adaptive receivers are associated with geophysical disturbances. Solar flares and
discussctl when both learning and diversity constraints are satisfied, associated magnetic storms cause absorption, low MUF (Maximum
An incoherent adaptive receiver is discussed for applications where Useable Frequency), scatter due to irregularities, etc., The
the learning constraint is not satisfied. For high data rate ionosphere is particularly variable in high latitudes where auroral
applications, both constraints are satisfied in an HF application phenomena influence the reflecting properties of the ionospheric
but ISI effects are severe. Adaptive techniques including equalizers layers. The lecture discussed the presently available short term
and maximum likelihood sequence estimators are discussed, forecasting techniques, and it also deals with possible ways of
Experimental results from HF channel simulator tests are presented minimizing the effects of ionospheric disturbances, such as path
in a comparison of nonadaptive and adaptive high speed modems. and time diversity, the use of early warnings, and back-up
We discuss the use of error correction coding to protect against systems. Author
impulsive noise and show that multipath fading reduces the
theoretical performance capability by only 1 to 3 dO when proper N86-27575# Harvard-Smithsonian Center for Astrophysics,
coding and interleaving are employed. Performance of practical Cambridge, MA.
coding schemes using channel state information are used to show MEASUREMENTS OF HF PROPAGATION PARAMETERS FOR
the potential performance on an HF channel. Author REAL-TIME CHANNEL EVALUATION (RTCE) SYSTEMS

M. D. GROSSI In AGARD Propagation Impact on Modern HF
N86-27572# Petrie Telecommunications. Nepean (Ontario). Communications System Desing 14 p (SEE NBB-27566 18-32)
EQUIPMENT: ANTENNA SYSTEMS Mar. 1986
L. E. PETRIE In AGARD Propagation Impact on Modern HF (AGARD-LS-145) Avail: NTIS HC A09/MF A01
Comn,uiications System Design 5 p (SEE N86-27566 18-32) Mar. HF propagation paths are tine-spread and frequency-spread
1986 Previously announced as N83-30868 channels, and are characterized by severe variability in the time
(AGARD-LS-145) Avail: NTIS HC A09/MF AOl domain of all their proporties. inclusive of path losses. In addition,

Some antenna fundamentals as well as definitions of the even when path conditions would be affordxble,the link may be
principal terms used in antenna engineering are described. Methods severely interfered with by other transmitters. Improvements over
are presented for determining the desired antenna radiation present-day link's performance in terms of circuit reliability, data
patterns for HF cc nmunication circuit or service area. Sources rate and error rate can be achieved through the use of adaptive
for obtaining or computing radiation pattern information are outlined. schemes capable of coping with the variability of the channel.
Comparisons are presented between the measured and computed Recent advances in microprocessor technology, in frequency-agile
radiation patterns. The effect of the properties of the ground on HF equipment and in the understanding of the propagaticn medium.
the antenna gain and the pattern are illustrated for several types make it feasible and practical to use adaptive schemes at HF.
of antennas. Numerous examples are given of the radiation patterns The simplest approach is to make the link adaptive to a selected
for typical antennas used on short, intermediate and long distance channel parameter such as the Signal-to-Noise ratio. At the other
circuits for beth mobile and fixed service operations. The application extreme, the adaptive links can be designed to respond to al.
of adaptive antenna arrays and active antennas in modern HF relevant channel functions, such as Signal-to-Noise ratio, multipath
communication systems are briefly reviewed. Author spread, Doppler spread, etc. In all cases, a necessary prerequisite

for link's adaptivity is Real-Time Channel Evaluation (RTCE). The
NW*27573# Mitre Corp.. Bedford, MA. RTCE data gathering must match in scope and complexity the
DEVELOPMENTS IN HF EQUIPMENT AND SYSTEMS MOBILE adaptivity scheme that is meant to serve. For instance, if the
AND PORTABLE TERMINALS link's data rate is adjusted only to the Signal-to-Noise ratio, the
O C. WILSON In AGARD Propagation Impact on Modem HF RTCE must be kept very simple and must be reduced to the sole
Communications System Design 19 p (SEE N86-27566 18-32) measurement of the signal intensity and to the level of the noise,
Mar. 1986 inclusive of interference. Measurement of pertinent link's
(AGARD-LS-145) Avail: NTIS HC A09/MF A01 parameters by the RTCE must be performed at several spot

Before the advent of satellite platforms, sophisticated high frequencies in the band of interest, in order to identify automatically
frequency (HF) propagation and system research promised the most suitable c.rmers for the transmission of the information
improved capability during disturbed ionospheric propagation RTCE is at present in the R&D phase, and the related activities
conditions. However, satellite relays captured the imaginations and consist almost solely of the measurement of signal amplitude and
pocketbooks of the communications community in the mid-1960s. noise levels, inclusive of interference, at several frequencies in
Consequently, extant HF systems aged while satellite systems specific HF paths of interest, with only a few instances of inclusion
were implemented. During peacetime, satellite systems transmit of multipath spread measurements. At the successful completion
quality low data rate communications and navigation aids to mobile of the R&D activity, it is expected that in a form or another.
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RTCE and the related adaptive schemes will entor the practice of precise broadband signal delays are required, such as in the
modernized HF communications. Author phasing of arrays, or the production of tunable filters. Recent

work in these areas are described. Author
N86-27576# Petne Telecommunications, Nepean (Ontario).
ADAPTIVE SYSTEMS IN OPERATION
L. E. PETRIE In AGARD Propagation Impact on Modern HF N8718703# Advisory Group for Aerospace Research and
Communications System Design 10 p (SEE N86-27566 18-32) Development, Neuilly-Sur-Seine (France). Electromagnetic Wave
Mar. 1986(AGARD-LS-145) Avail: NTIS HC A09/MF A01 Propagation Panel

SPECIAL COURSE ON INTERACTION OF PROPAGATION ANDThe development and evolution of channel evaluation DIGITAL TRANSMISSION TECHNIQUES
techniques is described. A recently developed fully automatic HF Oct. 1986 30 p Special course hed in Jevnaker, Norway,
radio telephone system is discussed which automatically selects 13-14 Oct. 1986, in Copenhagen, Denmark, 16-17 Oct. 1986, and
the suitable channel and also provides a telephone inter-connects. in Lisbon. Portugal. 2v-21 Ot. 1986
Also descnbed is a HF message terminal which automatically (ADA175698; AGARD-R-744; LbBN-9235-1539-0) Avail: NTIS
requests, repeats and confirms message status for sender and HC A14/MF A01
receiver. Author This Special Course has three main objectives: (1) To orovide

N86-30931# Advisory Group for Aerospace Research and an opportunity for engineers and scientists to learn more of

Development, Neuilly-Sur-Seine (France). Flight Mechanics propagation mechanisms and communications system design in
Panel. frequency bands other than those with which they may be closelyDETERMINATION OF ANTENNAE PATTERNS AND RADAR associated, thus enabling a crossfertilization of ideas to take place;DEFTERMITION H ACTENNTE OATERNSAND R(2) To attempt to identify, for the various classes of systems, the
REFLECTION CHARACTERISTICS OF AIRCRAFT propagation measurements/data still required to enable digital
H. BOTHE, D. MACDONALD, and A. POOL. ad. May 1986 communication system design to be made more precise and
138 p effective; and (3) To identify trends in the requirements and design
(AGAR-AG-300-VOL-4 ASBN92-835-t530-7; AD-A169t84) techniques for future digital communication systems. This Special
Avail- NTIS HC A07MF A0l Course, sponsored by the Electromagnetic Wave Propagation Panel

The different types of aircraft antennas their radiation of AGARD. has been implemented by the Consultant and Exchange
characteristics and their preferred siting on the airframe are Program of AGARD, and was presented at Jevnaker, Norway. 13
described. Emphasis is placed on the various methods for to 14 October 1986, at Copenhagen. Denmark, 16 to 17 October
determining aircraft antenna radiation patterns (ARP) and 1986 and in Lisbon, Portugal, 20 10 21 October 1986. For individual
advantages. disadvantages and limitations 0f each method are tte e 8-80 hog 8-811
indicated. Mathematical modelling, model measurements and titles see N67-18704 through N87-18711.
in-flight measurements in conjunction with the applied flight test
techniques are included. Examples of practical results are given.
Methods of determining aircraft radar characteristics are also N87-18704# Hull Univ. (England). Dept. of Electronic
described, indicating advantages, disadvantages and limitations of Engineering.
each method. Relevant fundamentals of radar theory are included REVIEW OF " "DULATION, CODING AND SPEECH
only as necessary to appreciation of the real meaning of radar DIGITISATION T, IIQUES
cross section (RCS) and angular glint. The measuring methods M. DARNELL In AGARD and Special Course on Interaction of
included are dynamic full-scale, static full-scale, sub-scale optical, Propagation and Digital Transmission Techniques 17 p (SEE
ultrasonic and radio modelling. References are made to RCS N87-18703 11-32) Oct. 1986
measuring facilities in the USA and Europe and the UK Radio (AGARD-R-744) Avail: NTIS HC A14/MF A01
Modelling Facility is used extensively to exemplify the sub scale As a basis for the more detailed discussion of specific forms
technique. Author of digital communication system in this special course, this lecture

introduces the following topics in general terms: (1) modulation:
,487.13291# Rome Univ (Italy). Dipt. di Energetica. (2) coding for error control; (3) coding for multiple-access (4)
BISTABIUTY IN NONUNEAR WAVEGIUDES coding for encryption; and (5) speech digitization Author
M. BERTOLOITI, C. SIBILIA, and 1. ANSELMI In AGARD Guided
Optical Structures in the Military Environment 8 p (SEE N87-13273
04-74) May 1986 N87-18705# Naval Research Lab.. Washinton, DC Ionosphenc
(AGARD-CP-383) Avail: NTIS HC A14/MF A01av h in

The propagabon of electromagnetic waves in a nonlinear Effects Branch.
waveguide is studied. For simplicity a three layer structure is FRANCIS J. KELLY In AGARD and Special Course on Interaction
considered with the two external media of semi-infinite extent. f P g K n gaR and Secius Interaction
The mode dispersion equation is derived together with the power of Propagation and Digital Transmission TeChniques 110 p (SEE
carried by the single mode in the structure, showing that bistability N87-18703 11-32) Oct. 1986can occur in some case. Author (AGARD-R-744) Avail: NTIS HC A14/MF A~t

The effects of propagation conditions in the ELF/VLF/LF
NS7-13294# Communications Research Centre, Ottawa (Ontario). frequency band on the desion and performance of digital
Optical Communications Program. comixiun,:aticis a , e . iim . -,nunications
OPTOELECTRONIC BROADBAND SITCHING FOR channel from a ground-based or airborne transmitting antennaCOMMUNCALTONS ANO SIGNAL PROCEHING throught the Earth-ionosphere waveguide to the receiver is

R. I. MACDONALD and D. K. W. LAM In AGARD Guided Optical discussed. Ouestions of coverage, noise, dispersion, time variance
Structures in the Military Environment 10 p (SEE N67-13273 and propagation disturbances are summarized. Author
04-74) May 1986
(AGARD-CP-383) Avail: NTIS HC A14/MF A01

By employing a hybrid technology using electronic and optical N87-18706# Deutsche Welle, Cologne (Germany, F.R.).
integration, optical isolation levels can be attained in a switch HF GROUNDWAVE AND SKYWAVE PROPAGATION
matrix without the need to switch light. Bandwidths of several KLAUS-JUERGEN HORTENBACH In AGARD and Special Course
GHz, subnanosecond switching time and crosstalk below 50 dB on Interaction of Propagation and Digital Transmission Techniques
were dernonstated in monolithically integrated optoelectronic switch 25 p (SEE N87-18703 11-32) Oct. 1986
matnces. These devices show high promise as central switches (AGARD-R-744) Avail: NTIS HC A14/MF A0
in star configuration communication systems where very high The principles of HF ground- and skywave propagation are
bandwidth or very large array size is required. Advantages over reviewed with regard to regular conditions as well as anomalous
foreseeable alternative technologies include size and power phenomena which may effe;t the signal charactenstics and thus
consumption as well as performance. In addition, optoelectronic may have an influence on the performance of digital communication
switch matrices have unique properties that suggest their systems. Particular consideration is given to the statistics of signal
applicati)n in a number of signal processing situations where fading as a basis for system design. Author
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NT17-16707# Hull Univ. (England). Dept. of Electronic is difficult and unpredictable from the electromagnetic environment.
Engineering. topographic, and meteorological aspects. Author
HP SYSTEM DESIGN
M. DARNELL In AGARD and Special Course on Interaction of N87-18710# Air Force Wright Aeronautical Labs.,
Propagation and Digital Transmission Techniques 24 p (SEE Wright-Patterson AFB, OH.
N87-18703 11-32) Oct. 1986 UHF/SHIF SATCOM PROPAGATION AND SYSTEM DESIGN
(AGARD-R-744) Avail: NTIS HC A14/MF A01 ALLEN L. JOHNSON In AGARD and Special Course on Interaction

This lecture is intended to complement the companion lecture of Propagation and Digital Transmission Techniques 18 p (SEE
dealing with the propagation aspects of HF communications. The N87-18703 11-32) Oct. 1986
malor topics covered are as follows: (1) the design of point-to-point (AGARD-R-744) Avail: NTIS HC A14/MF A01
systems (2) the design of systems involving mobile terminals; (3) One year after the launch of the Russian Sputnik, the Americans
system control and frequency management; and (4) resistance to orbited the world's first active communications satellite, SCORE.
interception and disruption. The lecture attempts to show how the The communications planners hoped that the line-of-sight
propagation effects discussed in the previous lecture on HF communications through satellites would overcome the various
groundwave and skywave propagation are taken into account in propagation problems plaguing long-distance High Frequency (HF)
the design of HF communications systems for various purposes, communications. The communications satellite did overcome many

Author of the traditional HF problems but due to the law of conservation
of difficulty, a new set of propagation problems emerged. This

N87-t8706# Danish Research Center for Applied Electronics, section deals with some of those problems. A satellite orbiting at
Hoersholm. approximately 19,200 nautical mile altitude rotates at the same
METEOR BURST PROPAGATION AND SYSTEM DESIGN rate as the Earth and, if in an equatorial plane, appears to remain
JENS OSTERGAARD in AGARD and Special Course on fixed over one point on the Earth. The equatorial synchronous
Interaction of Propagation and Digital Transmission Techniques satellite is discussed. The Earth-to-satelfite link experiences a
19 p (SEE N87-18703 11-32) Oct. 1986 variety of propagation effects such as free space loss, attenuation.
(AGARD-R-744) Avail: NTIS HC A14/MF A01 polarization changes, refraction, and delay as a result of the physics

The first truly operational meteor scatter communication system of the link and the normal Earth's atmosphere These are also
(JANET) was operated in Canada in the mid 1950's at discussed. Author
approximately 40 MHz. However the system was severely impaired
during a Solar Proton Event. and experimental interest in meteor N87-18711# North Atlantic Treaty Organization. Brussels
scatter propagation essentially vanished. SHAPE Technical Center (Belgium). Allied Radio Frequency Agency.
developed and tested a new meteor scatter communication system PROBLEMS OF SPECTRUM MANAGEMENT AND SYSTEM
(COMET) in the mid 1960's in Central Europe and Norway which COMPATIBILITY
worked wel although it had a fairly low capacity (1 to 4 telegraph T. K. FITZSIMONS In AGARD and Special Course on Interaction
channels). The system was tested both at 40 MHz and at 100 of Propagation and Digital Transmission Techniques 10 p (SEE
MHz to explore the frequency dependent properties of meteor N87-18703 11-32) Oct 1986
scatter propagation. The advent of satellite communication diverted (AGARD-R-744) Avail: NTIS HC A14/MF A01
interest away from meteor scatter propagation for obvious reasons The problems of radio frequency spectrum management stem
of stable propagation and large bandwidth. Interest in meteor basically from requirements that are increasing more rapidly than
scatter communication has been revitalized as a result of rapid our ability to axploil certain parts of the spectrum The expanding
advances in microcomputer technolfgy and digital communication demand is caused partly by the transition from analog to digital
techniques. Some suggested uses for modern meteor scatter transmission methods but of course also to the increase in
communication systems , lude automatic data collection from communications needs and uses Much of the increase in demand
unmanned sites, thin-line digital radiolintis, where privacy and is for allotments and assignments in frequency bands already
exclusive ownership of the communication terminals are essential, heavily exploited. New frequency bands are periodically added to
Meteor scatter could also be a candidate mode for operation of the table of allocations by the ITU (international Telecommur .aton
digital HF communication systems with extended frequency range Union) and the rate at which this has happened in the recent
of operation into the VHF band. The aim of this paper is to present past is itself an indication in the almost explosive growth in the
an overview of the meteor scatter propagation mechanism, and uses of the radio frequency spectrum. Author
the ongoing research efforts which are directed towards the
exploration of the potential of meteor scatter propagation as a N87-18721# Advisory Group for Aerospace Research and
communication channel. Author Development. Neurlly-Sur-Sene (France) Avionics Panel

MULTIFUNCTION RADAR FOR AIRBORNE APPLICATIONS
N$7-18709# North Atlantic Treaty Organization, Brussels Jul. 1986 209 p In ENGLISH and FRENCH Symposium held
(Belgium). Allied Radio Frequency Agency. in Toulouse. France, 14-1 Oct. 1985
VHF/UHF/MICROWAVE LOS TERRESTRIAL PROPAGATION (AGARD-CP-381; ISBN-92-835-0395-3; AD-A173978) Avail
AND SYSTEM DESIGN NTIS HC AIO/MF A01
T K FITZSIMONS In AGARD and Special Course on Interaction The present state-of-the-art of multifunction radar and new
of Propagation and Digitat Transmission Techniques 11 p (SEE concepts for ini design of future radar systems are presented.
N87-18703 11-32) Oct. 1986 Specific subject areas addressed include all-weather operation,
(AGARD-R-744) Avail: NTIS HC Al 14/MF A01 signal processing, high resolution imaging (synthetic aperture radar).

The telecommunication frequency range under discussion is beam steering, range and Doppler estimation, clutter and
from 30 MHz up to tens of GHz. For military communications this interference, equipment and component design, target detection
means the use of systems such as Combat Net Radio, and classification. multifunction integration, and radar system
Smgte-Channel Radio Access. Tactical and Fixed Radio Relay, inteyration For individual titles see N87-18722 through
Air-Ground-Air Systems, Common User Information Systems and N87-18760.
Tactical Satelite. For cil communications the systems ate not
dissimilar - mobile radio, fixed radio relay systems, Air Traffic N87-18722# Thomson-CSF. Paris (France).
Control, etc. Of course there is a considerable amount of ABOUT THE FUTURE OF AIRBORNE RADAR
broadcasting and there are military and civil radar systems in these MICHEL H. CARPENTIER In AGARD Multifunction Radar for
frequency bands. The spectrum range from 30 MHz to about 5 Airborne Applications 6 p (SEE N87-18721 11-32) Jul 1986
GHz is for the military in particular, prime spectrum; wide bandwidths (AGARD-CP-381) Avail: NTIS HC AlO/MF A01
(hence dltal transmission) can be achieved, most propagation The present state-of-the-art of airborne multifunctional radar is
mechanisms are relatively stable and most of this part of the reviewed and possible developments for future systems are
spectrum can be used by tactical systems either operating on the discussed. The operational requirements of military aircraft radars
move or moving frequently to new sites. In addition to are outlined with particular attention given to target acquisition
considerations of wanted performance and necessary and tracking, radar navigation and terrain following. The
characteristics such as ECM. the military systems are designed to electromagnetic environments these systems will operate in are
meet requirements for rapid deployment in an environment which also characterzed. The limitations of present radars are defined
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and suggestions are made regarding the directions of future following functions: take oft/landing, terrain following, area
research. Four possible areas of development are addressed: (1) correlation, tercom, and acquisition of targets, The above roles
improvement of the range resolution and complexity of the can bc achieved in an all weather environment making the
transmitted waveforms; (2) better utilization of the received signals; millimeter wave radar a valuable multifunction airborne radar.
(3) improvement of angular domain; and (4) cooperation with the Author
electromagnetic countermeasure system and other sensors
onboard the aircraft. M.G. N87-18726# Rome Air Development Center. Griffiss AF8, NY.

MULTI-MODE MULTISTATICS FOR PASSIVEIACTIVE
t 6-'11723# Forschungsinsitut fuer Funk und Mathemalik, AIRBORNE SUR4EILLANCE Abstract Only
Werthoven (Germany, F.R.). ROBERT F. OGRODNIK In AGARD Multifunction Radar for
SOLID STATE MULTIFUNCTION PHASED ARRAY RADAR Airborne Applications 1 p (SEE N87-18721 11-32) Jul. 1986
W. D WIRTH In AGARD Multifunction Radar for Airborne (AGARD-CP-381) Avail: NTIS HC A10/MF A01
Applications 8 p (SEE N87-18721 11-32) Jul. 1986 The increasing performance demands for air surveillance assets,
(AGARD-CP-381) Avail: NTIS HC A10/MF A01 as well as the necessity for continued surveillance operations in

With an experimental phased array radar system ELRA the presence of enemy jamming anti-radiation missile (ARM)
(electronic steerable radar) operational experience has been attacks, have increased interest in passive surveillance, in particular
gathered, This system was planned for solid state operation, multi-mode passive/active multistatic sensing. The use of
theretore it consists of active receiving and transmitting arrays. noncooperative radiation as illuminators of opportunity combined
The provisional tube power amplifiers are replaced by transistor with passive surveillance electromagnetic support measurement
amplifiers. This change had some implications on the multifunction (ESM) sensors opens new horizons to multistatic surveillance from
operation, especially on the selection of transmitted waveforms, a passive airborne platform. Research and field tests have been
The necessary considerations are relevant for future solid state conducted on ESM augmented bistatics as well as noncooperative
phased array radars. The introduction of monolithic microwave mulfistatics which support the development of airborne multi-mode
antenna modules will improve the chances of active solid state passive surveillance technology. This work has been conducted
phased arrays. Author under such programs as the Bistatic Enhanced Altimeter Detection

(BEAD) and the noncooperative multistatic Passive Coherent
N87-18724# Radar Systems Group. Los Angeles, CA. Advanced Location (PCL). Both BEAD and PCL technology directly support
Development Dept. the receiver, signal processing and target location/tracking
MULTIMISSION AIRBORNE RADAR FOR THE 1990S operations necessary for passive surveillance. The demonstrated
THOMAS H. ROBINSON In AGARO Multifunction Radar Ior technologies for EM interference rejection and multistatic
Airborne Applications 2 p (SEE N87-18721 11-32) Jul. 1986 multi-target tracking and location under PCL provide a promising
(AGARD-CP-381) Avail: NTIS HC At0/MF A01 performance bench mark for passive surveillance in the presence

The continuing trend towards the development and production of a complex electromagnetic environment. Passive receiver
of aircraft capable of multiple missions indicates that future airborne intercept performance under BEAD has provided a receiver design
radars must provide a broad spectrum of air-to-air and air-to-ground baseline for both look-down and look-up surveillance applicatiens
modes This paper investigates the modal and functional The technologies under development in BEAD and PCL are
requirements of a muftimode radar projected for the mid-1990s presented along with the field test results and the sensor concepts
period. The paper is divided into two sections. In the first, the In particular, spin-off data such as bistatic look-down clutter.
multimission capabilities of current radars are presented to establish noise-floor limitation of noncooperative multistatics and sensitivity
trends and capabilities. In the second, the requirements of the limitations set by passive surveillance using signal intercept
next generation system are established. Current multimode radars techniques and illuminators of opportunity are provided Author
lay the basis for future systems. The experience gained on the
APG-65 and APG-63/70 radars is presented and conclusions are N87-18727# Huntec 70 Ltd., Scarborough (Ontario).
drawn vegaidwg their impacl on future system requirements. Not MOTION COMPENSATION REQUIREMENTS FOR A HIGH
only are modes and performance reviewed for these radars but RESOLUTION SPOTLIGHT SAR Abstract Only
also their system architecture. The discussion starts with the J. S. A. HEPBURN. G. E. HASLAM (Defence Research
APG-65 radar which is the first true multimission radar with Establishment, Ottawa.. Ontario), D. F. LIANG, and W. S. WIDNALL
programmable signal and data processing, Following this, the (Massachusetts Inst. of Tech., Cambridge) In AGARD Multifunction
3volution of the APG-63 radar, culminating with the most recent Radar for Airborne Applications I p (SEE N87-18721 11-32) Jul
upgrading resulting in redesignation of APG-70, is presented. The 1986
incorporation of air-to-ground capabilities in the APG-70, resulting (AGARD-CP-38t) Avail: NTIS HC A1O/MF A01
from the Deal Role Fighter program, is reviewed. Results from The Canadian Department of National Defence is developing
the Advanced Fighter Capabilities Demonstration program are - high resolution airborne spotlight synthetic aperture radar ISAR)
presented showing how high resolution SAR was incorporated into To attain the high contrast, high resolution and low geometnc
a full weapon delivery solution. The specific radar requirements distortion objectives of the project, it is essential that very accurate
for the next decade radar system are developed. This development motion compensation be applied to the radar returns to minimize
is done in two parts. First, mode requirements are synthesized for the effects on SAR image quality of spurious antenna phase center
air supenority. navigation and strike/interdiction operation. This motion. The motion compensation system being developed for
includes low altitude penetration requirements and a review of the project includes a gimballed master inertial navigation system
radar timeline constraints which arise. Second, the fundamental (INS) located near the center of gravity of the host aircraft, a
functional requirements needed to implement the mode strapdown inertial measurement unit (IMU) comprising gyroscope
requirements are explored. Architectural issues and their impact and accelerometer triads mounted on the radar antenna, as well
on reliability and sustainability are also considered. Author as Doppler velocity and barometric altitude sensors for damping

the inertial systems. The role of the master INS is to enable high
N87-18725# Royal Signals and Radar Establishment, Malvern accuracy alignment of the strapdown IMU. The raw sensor data
(England). are integrated using a U-D factorized Kalman filter to obtain optimal
MULTIFUNCTION MILLIMETRE-WAVE RADAR FOR estimates of the motion of the radar antenna phase center while
ALL-WEATHER GROUND AITACK AIRCRAFT Abstract Only the SAR window is open. The data are used to adjust both tfe
K E. POTTER In AGARD Multifunction Radar for Airborne radar pulse repetition frequency and the phase and displacement
Applications 1 p (SEE N87-18721 11-32) lul. 1986 of the radar returns. An analysis of the motion compensation
(AGARD-CP-381) Avail NTIS HC A1O/MF A0t requirements was carried out. leading to the specification of the

Details of the millimeter wave radar performance are presented motion compensation sensor configuration and accuracy. The
which show that with potentially available power sources an all performance of the motion compensation system has been
weather capability can be realized. Performance is evaluated as a evaluated by detailed computer simulation. This evaluation
function of frequency and antenna size, and the use of polarimetry accounted for all major system error sources, including errors
with wide bandwidth/coherent processing is shown to offer associated with sensors, transfer alignment and computation, with
potential enhancement for target discrimination The millimeter the system operating in a moderately turbulent environment.
wave radar is shown to be potentially capable of satisfying the Author
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N87-18728# Defence Research Establishment Ottawa. understood to be the ground based sidelobe jammer which includes
(Ontario) a sensitive intercept receiver and a tracking capability to adapt
IMPLEMENTATION CF AN AIRBORNE SAR MOTION the jamming power in angle, frequency and bandwidth to the SAR
COMPENSATION SYSTEM Abstract Only system. The most important of several necessary electronic
D, DIFILIPPO. D F LIANG. L POSTEMA (Lear Siegler, Inc. Grand counter-countermeasure (ECCM) techniques is commonly
Rapids. Mich.). and B. LEACH (National Aeronautical considered to be a low sidelobe SAR antenna which also improves
Establishment, Ottawa, Ontario) In AGARD Multifunction Radar MTI performance. To characterize the ECCM and cost effectiveness
for Airborne Applications I p (SEE N87-18721 11-32) Jul. 1986 of such an expensive antenna some measures are needed. There
(AGARD-CP-381) Avail: NTIS HC A1C/MF A01 are two separate phases: intercept and jamming. Accordingly, two

The Canadian Department of National Defence has entered gains are defined, intercept gain and jamming gain Both are based

into the Phase 2 development of an airborne synthetic aperture on the evaluation of the signal-to- (jammer plus clutter plus noise)
radar motion compensation (SARMC) system, following a Phase ratio in the processed SAR image for the configuration airborne
1 feasibility study which led to the specification of the SARMC sensor-ground based jammer. Both gains descibe the benefits of
sensor -ont guration and accuracy. This paper describes the a low side lobe antenna in terms of tam-free flight distance
hardware and software configurations of an airborne SARMC (intercept) and target contrast enhancement (jamming). t is shown
system implemented on board a Convair 580 research aircraft. that in the most interesting case of heavy jamming both intercept
The hardware configuration includes a gimballed LTN-51 inertial and jamming phases are discribed by the same set of equations
navigation system, a Decca Doppler radar, a baroaltimeter and a if normalized to the pointing direction R sub 0 of the antenna. It
motion compensation inertial measurement subsystem (MCIMS). follows that the intercept ratio on the ground equals the reciprocal
The MCIMS is a specially designed strapped-down inertial of the target contrast in the processed SAR image. To discuss
measurement unit mounted on the ring gear of the APS-506 radar both the int3rcept ant lamming gain performance of a given SAR
antenna. Since motion compensation depends critically on antenna 3-dimensional relief plots and 2-dimensional contour plots
knowledge of the MCIMS onentation with respect to the radar are used. They allow the definition of both gains directly. For the
line-of-sight to the designated target, a laser alignment procedure parameters of a given SAR reconnaissance system the plots are
was developed and performed to calibrate the azimuth encoder calculated in an area of 120 nmi a 180 nmi (azimuth x range). By
of the antenna ring gear. This procedure is discussed along with replacing the existing antenna with uniform weighting with an
experimental results. Substantial effort was dedicated to antenna with 25 dB lower sidelobe level the ECCM effectiveness
streamlining the Kalman filter algorithms in the SARMC processing in terms of intercept gain and jamming gain is shown. Since the
package to obtain a high degree of robustness and computational equations are normalized to the pointing direction of the sensor
efficiency while optimally integrating the information from the motion antenna the results are given in relative terms. By including actual
compensation sensors. Preliminary flight trial data are presented jammer parameters the ECCM effectiveness may also be given in
and compared with simulation results to indicate the level of absolute terms. Author
performance achievable with this optimized system. Author N87-18731# Thomson-CSF. Malakroff (France). Div. A.V S

N87-18729# Deutsche Forschuni's- und Versuchsanstat fuer SYNTHETIC APERTURE IMAGING AIRBORNE RADAR
Luff- und Raumfahr, Oberpfaffenhofen (West Germany). Inst. for MARC LUCAS In AGARD Multifunction Radar for Airborne
Radio Frequency Technology. Applications 4 p (SEE N87-18721 11-32) Jul. 1986 Previously
MM WAVE SAR SENSOR DESIGN: CONCEPT FOR AN announced as A86-32632
AIRBORNE LOW LEVEL RECONNAISSANCE SYSTEM Abstract (AGARD-CP-381) Avail: NTIS HC At0/MF A01
Only Airborne synthetic aperture radars are systems able to obtain
C. BOESSWETTER In AGARD Multifunction Radar for Airborne high resolution ground images, by day or night, independent of
Applications 1 p (SEE N87-18721 11-32) Jul. 1986 weather conditions. Their applications are very broad, both military
(AGARD-CP-381) Avail: NTIS HC At0/MF A01 (reconnaissance), and civilian (mapping remote sensing) Following

The basic system design considerations for a high resolution a brief technical account synthetic aperture, pulse compression).
SAR system operating at 35 GHz or 94 GHz are given. First it is the paper describes the operational features of an airborne radar
shuwn that only the focussed SAR concept in the side looking system providing high resolution images at long range Then. a
configuration matches the requirements and constraints, After technical description is given. This system can provide in real
definition of illumination geometry and airborne modes the time. to the ground, radar images by using a high rate data link It
fundamental SAR parameters in range and azimuth direction are consists of two main parts: (1) an airborne part including the
derived. A review of the performance parameters of some critical antenna, the radar transmitter-receiver, and the data link unit, and
mm wave components (coherent pulsed transmitters, front ends. (2) a ground station that realizes, in real time. data reception,
antennas) establish the basis for further analysis. The power and synthetic aperture processing, and image exploitation IAA
contrast budget in the processed SAR image shows the feasibility
of a 35/94 GHz SAP sensor design. The discussion of the resulting N87-16732# Forschungsnstitut fuer Hochfrequenzphysik,
system parameters points out that this unusual system design Werthhoven (Germany, F.R.).
implies both benefits and new risk areas. One of the benefits MILLIMETER WAVE TRANSMISSION THROUGH MAN-MADE
besides the compactness of sensor hardware turns out to be the OBSCURATIONS IN A BATTLEFIELD ENVIRONMENT Abstract
short synthetic aperture length simplifying the design of the digital Only
SAR processor, preferably operating in real time. A possible H. ESSEN and E. P. BAARS In AGARD Multifunction Radar for
architecture based on current state-of-the-art correlator hardware Airborne Applications 1 p (SEE N87-18721 11-32) Jul. 1986
is shown. One of the potential risk areas in achrevirj high resolution (AGARD-CP-381) Avail: NTIS HC At 0/MF AOl
SAR imagery in the mm wave frequency band is motion It is quite well established that millimeter waves exhibit supenor

compensation. How,,er, it is shown that the short range and transmission features for natural obscurations, i.e., mostly adverse
short synthetic ape ire lengths ease the problem so that correction weather-effects, if compared to those in the IR-region Therefore
of motion induced phase errors and thus focussed synthetic mm-wave systems are competitors for military surveillance and
aperture processing should be possible. Author guidance systems. For these applications the knowledge )I the

amount of degradation of mm-systems due to obscuration in a
N87-1S730# Deutsche Forschungs- und Versuchsanstalt fuer battlefield environment has to be assessed in comparison to
Luff- und Raumfahrt, Oberpfaffenhofen (West Germany). Inst. for IR-sensors. The data dealt with in this paper have been gathered
Radio Frequency Technology. during various measurement campaigns. They cover smoke and
ECCM EFFECTIVENESS OF A LOW SIDELOBE ANTENNA FOR dust trials with mm-wave instrumentation systems at 47 GHz and
SAR GROUND MAPPING Abstract Only 94 GHz and experiments on screening smokes. All tnals were
C BOESSWETTER In AGARD Multifunction Radio for Airborne performed in conjunction with IR-measurements. For the dust and
Applications 1 p (SEE N87-18721 11-32) Jul. 1986 smoke-trials a bistatic configuration was used with transmitters
(AGARD-CP-381) Aval: NTIS HC At0/MF AOl anc, receivers located at tNo opposite sites across an artillery

Airborne synthetic apertur! radar (SAR) reconnaissance impact area. Results are discussed by means of atteiuation-curves
systems in the strip mapping mode are susceptible to jamming. for different transmif/receve-polarizations A companson of the
The main electronic counter measure (ECM) threat is commonly results of the two employed mm-wave frequencies with the
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simultaneously measured IR-data is given for selected events and (Army Electronics Research and Development Command, Fort
on a statistical basis over the whole measurement period. For the Monmouth. N. J.), F. NEAL WARNER, and ROBERT ADAMS
experinments on screening smokes a monostatic configuration was (Technology Service Corp., Santa Monica, Calif.) In AGARD
chosen with a pulsed 94 GHz instrumentation radar operating over Multifunction Radar for Airborne Applications 11 p (SEE N87-18721
a folded transmission path against a comer reflector and armoured 11-32) Jul. 1986
target vehicles. By recording the echos from a number of (AGARD-CP-381) Avail: NTIS HC AI0/MF A0l
consecutive range gates the attenuation caused by the smoke as Sequential adaptation uses only two sets of receivers,
well as the backscater of the smoke cloud and the location of correlators, and A/D converters which are time multiplexed to
scattering centers within the cloud could be evaluated. Author effect spatial adaptation in a system with (N) adaptive degrees of

freedom. This technique can substantially reduce the hardware
cost over what is realizable in a parallel architecture. A three
channel L-band version of the sequential adapter was built and

N87-18733# Adaptive Sensors, Inc., Santa Monica, CA. tested for use with the MARK XII IFF (identify friend or foe) system.
A CFAR DESIGN CONCEPT FOR OPERATION IN In this system the sequentially determined adaptive weights were

HETEROGENEOUS CLUTTER obtained digitally but implemented at RF. As a result, many of the

HAROLD M. FINN In AGARD Multifunction Radar for Airborne post RF hardware induced sources of error that normally limit

Applications 12 p (SEE N87-18721 11-32) Jul. 1986 Sponsored cancellation, such as receiver mismatch. are removed by the

by the Army feedback property. The result is a system that can yield high

(AGARD-CP-381) Avail: NTIS HC A10/MF A01 levels of cancellation and be readily retrofitted to currently fielded

When the heterogeneous clutter field spanning the spatial equipment. Author

sampling sliding window can be modeled as two contiguous
homogeneous clutter fields with the statistical parameters of each
field unknown and independent from field to field and with the H7-1736# General Electic Co., Utica, NY. Aerospace
transition point between fields also not known, then the cell Electronic Systems Dept.
averaging CFAR (constant false alarm rate) performance HIGH RESOLUTION SIGNAL PROCESSOR FOR LIMITED
significantly degrades yielding target masking effects and loss of APERTURE MULTIMODE RADAR
false alarm regulation. For the same defined and encountered ROBERT L. NEVIN and M. R. OSULLIVAN (O'Sullivan Consulting,
environment spanning the sliding windows, the performance Inc., Rancho Palos Verdes, Calif.) In AGARD Multifunction Radar
degradation effects are shown to be largely eliminated when a for Airborne Applications 10 p (SEE N87-18721 11-32) Jul.
newly developed class of CFAR test is employed designated as t986
heterogeneous clutter estimating CFAR's (HCE-CFAR). The test (AGARD-CP-381) Avail: NTIS HC A1O/MF A0l
initially involves the combined use of multiple hypothesis testing The maximum attainable point target detection capability of a
and maximum likelihood estimation proc 3dures to estimate the search radar in a receiver noise limited stuation is fundamentally
statistical parameters of each of the two fields, and the transition limited by the radar's power-aperture product. However, the degree
point between them, and then makes use of the relevant estimated to which practical systems approach this maximum performance
clutter field parameters to effect the final decision rule. HCE-CFAR may be limited by processor power (i.e.. processor throughput
designs are presented for both the cases when the contiguous resolution, etc.). Furthermore, in clutter limited situations, such as
fields have Rayleigh first order probability distritubions, and log air-to-air look-down search modes, greater processor resolution,
normal probability distribution. However, the focus of the in both range and Doppler, can reduce the effective size of the
development and the conducted performance evaluation is for the clutter cell competing with the target, and thereby improve
Rayleigh clutter cases. Author suticlutter visibility. Recent and ongoing developments have

contributed to the application of high-resolution, high-throughpul
signal processing to multimode, multifunction airborne radars. Both
air-to-air and air-to-ground modes benefit in performance from
increased processing power and flexibility. The solution to the

N87-18734# Marconi Co. Ltd., Chelmsford (England). high resolution processor is based on the experimental Modular
HIGH-RESOLUTION MTI WITH SAR Abstract Only Survivable Radar developed by General Electric in the late 1970s,
A. FREEMAN In AGARD Multifunction Radar for Airborne and extended to airborne multimode radar projects. This modular.
Applications I p (SEE N87-18721 11-32) Jul. 1986 reconfigurable pipeline consists of high-efficiency stages. each with
(AGARD-CP-381) Avail: NTIS HC AlI/MF AOl a narrow range of assigned functions, cascaded to form the full

Moving Target Imaging (MTI) using Synthetic Aperture Radar signal processor. Experience in system integration and testing has
ISAR) offers considerable potential as an all-weather surveillance proven the adaptability of this architecture, which can be particularly
tool, monitoring the movement of vehicles on the ground. The useful to achieve the detection range requirements in a small
purpose of the work described in this paper is to investigate fighter aircraft where physical space and cooling capability limit
techniques of producing high-resolution images of such moving the power and aperture available to the radar. The architecture of
objects using the radar signals received by an existing airborne a Programmable Signal Processor (PSP) currently in development
SAR system. The first step in the MTI method adopted is the for future application is described. This architecture allows
production of a rather crude image of such moving targets as Processing Elements (PE's) and memory elements to be configured
exist in the data. This can be achieved by application of a simple into parallel pipelines. The PE's are designed to perform linear
prefilter (for clutter-cancellation) prior to the conventional azimuth and nonlinear operations at the same high throughput rate. These
(Doppler) processing. The image can then be used for initial features make it highly suitable for integration into the radar signal
detection of the -argets. In such images, well-behaved moving processor. With respect to this integration, the degree of flexibility
targets are distorted by their motions in a particular manner and required at different points in the pipeline is considered. Author
the parameters of the target motions can be estimated from their
shape and other nroperties. These parameters are measured and
then used to construct a 2-dimensional filter matched to the
response for each target, for use in the azimuth (Doppler) N87-18737# Forschungsinstitut trer Funk und Mathematik,
processing. This technique can be shown to produce high-resolution Werthoven (Germany, F.R.).
images of the moving targets with resolution being comparable to ANGULAR SUPER-RESOLUTION WITH ARRAY ANTENNAS:
that of the conventional airborne SAR images of the ground. APPLICATION TO SEEKER-HEADS Abstract Only

Author U. NICKEL In AGARD Multifunction Radar for Airborne

Applications 1 p (SEE N87-18721 11-32) Jul. 1986
(AGARD-CP-381) Avail: NTIS HC A0/MF A01

N87-18735# Adaptive Sensors, Inc., Santa Monica, CA. Monopulse seeker-heads can give large errors due to closely
A SEQUENTIAL ADAPTATION TECHNIQUE AND ITS spaced targets or even completely wrong directions in the case
APPLICATION TO THE MARK 12 IFF SYSTEM of cross-eye deception. The effective countermeasure against these
JOHN S. BAILEY. JOHN 0. MALLETT, DUANE J. SHEPPARD errors is resolution enhancement. Super-resolution methods offer
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the possibility to resolve targets closer than the antenna beamwidth. achieved over a 7 micro-second multi-path window for 10
Such methods are favorable for seeker-head applications, because mega-Hertz instantaneous bandwidth. Adaptivity in the spatial,
the target separation as well as the signal-to-noise ratio increases temporal and Doppler domains are illustrated and their embodiment
as the missile approaches the target. All effective super-resolution into the various architectures are presented. For example, an
methods require an antenna array with access to the single element analog optical processor which generates weights in the spatial
outputs. Thus mechanical scanning is replaced by electronic and temporal (multi-path) domains for broadband systems is shown.
scanning. Depending on the type of missile, sometimes antenna Also shown is a digital systolic architecture which is applied to a
pattern restrictions have to be tolerated. Among all super-resolution direct decomposition method for generation of adaptive weights
methods the parametrc target model fitting (PTMF) method seems in the spatial and Doppler domains. A description of brassboard
to be most appropriate for this application. This method tries to fit models representing both architectures is included. Author
a completely parameterized target model directly to the measured
data. It can be rather easily computed, and it is the only method
which can resolve completely correlated targets, which arise in
the case of multipath and cross-eye deception. For seeker-heads
with few antenna elements an implementation with digital signal N87-18740# Marconi Avionics Ltd., Basildon (England). Signal
processor chips is most suited. Computer simulations and Processing Design Dept.
experiments with measured data using the DESAS test equipment THE APPLICATION OF MULTI-DIMENSIONAL ACCESS
show that two targets separated at 0.3 beamwidth can be resolved MEMORIES TO RADAR SIGNAL PROCESSING SYSTEMS
in azimuth and elevation and that the switch from conventional Abstract Only
monopulse to two-target estimation (super-resolution), which is DAVID HAYES and BILL STRAWHORNE In AGARD Multifunction
crucial for the approaching missile, can be done by a reliable Radar for Airborne Applications 1 p (SEE N87-18721 11-32) Jul.
automatic test procedure. Author 1986

(AGARD-CP-381) Avail: NTIS HC A19/MF A0t
N87-18738# Thomson-CSF, Montrouge (France). Division A multi-dimensional access memory (MDAM) allows a word to
Equipements Avioniques. be accessed from store either in the manner it was entered or as
DYNAMICS AND SIGNAL PROCESSING ALGORITHMS FOR part of a bit slice of equally spaced or contiguous words.
HIGH FREQUENCY OF RECURRENCE RADAR MODES Conceptually, data may be regarded as being stored in an n
[DYNAMIQUES ET ALGORTHMES DE TRAITEMENT DU SIGNAL dimensional hypercube of side length equal to the word length
DAMS LES MODES RADAR A HAUTE FREQUENCE DE that usefully maps onto a wide range of signal processing
RECURRENCE) operations, (e.g., FFTs, matrix inversion, multiple moments, distance
PHILIPPE LACOMME In AGARD Multifunction Radar for Airborne metrics, sorts, searches and correlation decodes), when associated
Applications 6 p (SEE N87-18721t 11-32) Jul. 1986 In processing units that can carry out both oit parallel and bit serial
FRENCH arithmetic are used. The mapping of the natural multi-dimensionality
(AGARD-CP-381) Avail: NTIS HC A10/MF AOl of a signal processing task onto the MDAM structure is shown to

The dynamics problem in the processing of signals is particularly be particularly useful when bit serial, word parallel processors are
difficult in the case of high frequency of recurrence (HFR) radar employed. In these circumstances the facilities of the MDAM make
modes. Reception dynamics and necessary signal processing are possible a range of useful operations that could only be
defined and a typical case is evaluated. The effects of quantification implemented with great inefficiency using conventional memories.
are then analyzed at the various stages of signal processing Furthermore, the MDAM considerably simplifies address generation
(coding, rejection filtering. Fourier transformation). It is shown that for the I/O of real and complex words (e.g., the corner turn of
the quantification noise depends, to a large extent, on the incoming samples) while allowing useful permutations, such as
processing algorithms utilized. The presence of a ground echo barrel shifts, to be applied on each memory access for a
rejection filter can directly increase the truncation problems owing insignificant cost in extra circuitry. Highly efficient and deeply
to the elements situated after the filter. Likewise, the various pipelined, implementations of MDAM/pro.essor structures are
algorithms used to compute the Fourier transform (fast Fourier discussed that are particulary well suited to VLSI methodologies,
transform or Winograd Fourier transform) function very differently in that very wide bandwidth interconnection networks of high
vis-a-vis the truncations carried out with the operators. Therefore, complexity can be achieved at relatively low gate and pin counts
in the selection of processing algorithms, it is necessary to consider. Thus. it is possible to form highly parallel multi-MDAM/processor
not only their performances with regard to the number of elementary structures that support very high levels of concurrency, identified
operations, but also their sensitivity to quantification noise. M.G. as necessary for future radar signal processing systems. Moreover

these structures translate over classes of operations that are not
N87-18732# Rome Air Development Center, Griffiss AFB, NY. normally associated with each other. Consequently, these forms
DIGITAL AND OPTICAL SYSTOLIC ARCHITECTURES FOR can be made extremely general and modular to produce powerful
AIRBORNE ADAPTIVE RADARS and compact processing kernels for programmable systems that
STANLEY LIS. VINCENT C. VANNICOLA, JOHN A. GRANIERO, embody high level signal processing constructs in their VLSI fabric
BARRY P MEDOFF (Electromagnetic Systems Labs., Inc., and lead to high performance at the minimum silicon cost.
Sunnyvale, Caif.), and WILLIAM A. PENN (General Electric Co., Author
Syracuse, N.Y.) In AGARD Multifunction Radar for Airborne
Applications 13 p (SEE N87-18721 11-32) Jul. 1986
(AGARD-CP-381) Avail: NTIS HC A19/MF AO

Systolic architectures for digital and analog, electronic and
optical signal processing are presented along with specific N87-18741# Forschungsinstitut fuer Hochfrequenzphysik,
applications to adaptive nulling. It is shown how the various Werthhoven (Germany, FR.).
architectures provide for the implementation of adaptive algorithms ON A SINGLE STEP TECHNIQUE FOR ADAPTIVE ARRAY
and how technologies affect performance. Their effects on adaptive PROCESSING
degrees of freedom, convergence time, null depth, signal to noise JOSEF WORMS In AGARD Multifunction Radar for Airborne
ratio are presented along with size, weight, and required power. Applications 6 p (SEE N87-18721 11-32) Jul. 1986
Adaptive algorithms covered are of two basic types: (AGARD-CP-381) Avail: NTIS HC AtO/MF A01
feedback/iterative and direct methods. Examples of each include An improved adaptation algorithm designed for real time signal
the least mean square (LMS) for the iterative type and the OU processing in antenna arrays is presented. The method is used
factorization based on the Givens method for the direct method, for determining the filter weights in a sidelobe cancellation system.
Simulation results have verified the performance of the least The Wiener fitter equation is solved by using the well known
squares and the systolic array for OU factorization by Givens Gauss-Seidel method and a sample matrix estimate. This algorithm
method. Improved performance was obtained using the modified (SSM - Single Step Method) combines rapid convergence and
minimum variance distortionless response algorithm based on the numerical stability. Compareo with the direct SMI-technique and
maximum likelihood criteria. An optical implementation of the least the Widrow LMS-algorithm. the properties of the proposed algorithm
squares algorithm over a continuously adaptive multi-path was lead us to the conclusion that it is especially well suited for airborne
experimentally evaluated. Thus far, 24 dB of cancellation was antenna array applications. Author
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N67-18742# Thomson-CSF, Montrouge (France). Division of high resolution polarimetric radar imagery, the main objective is
Equipements Avroniques. to show. based on rigorous electromagnetic vector scattering
FORM FACTOR OPTIMIZATION FOR HFR EMISSION theory, that the Kennaugh, and particularly the Huynen polanmetric
[OPTRIMISATION DUE FACTEUR DE FORME EN EMISSION target descriptors, at high frequencies, can be closely related to
HFR] specular geometry (in particular, specular curvature). For the
PH. LEBIENVENU In AGARD Multifunction Radar for Airborne purpose of verifying our approach the perfectly conducting ellipsoid
Applications 9 p (SEE N87-18721 11-32) Jul. 1986 In is considered versus similar spherical target shapes. Numerical
FRENCH verification with measured scattering data for these shapes is
(AGARD.CP-381) Avail: NTIS HC AIO/MF A01 shown, and application of the Kennaugh and Huynen target

In high frequency of recurrence (HFR) emission having a weak characteristic descriptors in downrange target discrimination,
form factor. eclispes and sampling result in some significant losses imaging and identification is suggested or demonstrated. Author
of the signal. The object of this paper is to present evaluation
methods for these losses, starting with detection probability curves
as a function of distance, and to utilize these methods to determine,
under certain constraints of emitted power and computation loads.
optimum form factors. M.G. N87-18745# Waterloo Univ. (Ontario). Dept. of Electrical

Engineering.
N87-18743# Alabama Univ.. Huntsville. Dept. of Electrical and MULTI-(BI)-STATIC HIGH FREQUENCY (PO/GO) RADAR
Computer Engineering. TARGET IMAGING OF AIRBORNE SCATTERERS
A GENERAL SOLUTION FOR THE SYNTHESIS OF BINARY SUJEET K. CHAUDHURI and WOLFGANG-M. BOERNER (Illinois
SEQUENCES WITH DESIRED CORRELATION SEQUENCE Univ., Chicago) In AGARD Multifunction Radar for Airborne
ROBERT J. POLGE In AGARD Multifunction Radar for Airborne Applications 12 p (SEE N87-18721 11-32) Jul. 1986
Applications 9 p (SEE N87-18721 11-32) Jul. 1986 (AGARD-CP-381) Avail: NTIS HC A10/MF A01
(AGARD-CP-381) Avail: NTIS HC AIO/MF A01 Electromagnetic scattering at distances remote from a

Binary sequences are of considerable interest in many complex-shaped object, at high frequencies (Physical Optics/
applications. In particular, the performance of a radar depends on Geometric Optics). is dominated by certain specular compo-
the ambiguity function. For the case of binary phase modulation, nents which are highly bistatic aspect and multifrequency
the zero-Doppler performance of a pulse radar is a function of dependent. The locations of these specular points on the complex
the discrete autocorrelation of the corresponding binary sequence, object are known as the scattering centers. Generation of these
Alternately, a binary sequence can be expressed as a sequence scattering centers is dependent on the local geometry and local
of runs where the length of a run is equal to the number of material in-depth decomposition of the object with respect to the
contiguous bits of same sign. Given a run pattern the discrete aspect directions of the transmitter and receiver locations
autocorrelation can be computed easily and more rapidly than (monostatic as well as bistatic cases). The knowledge of the
with the standard technique. The inverse problem, which is the locations and the local geometries plus underlying material
synthesis of a run pattern given the desired discrete autocorrelation decomposition of these scattering centers can be useful in
sequence, is much more difficult. This paper develops a set of developing air-target discrimination/identification algonthms. Based
sequential relations which relate the desired autocorrelation upon this existing available basic multistatic scattering formulation,
sequence to properties of the run pattern. For example, the which is highly polarization-dependent, a basic vector inverse
autocorrelation at lag 1 defines the number of runs for a sequence scattering model can be developed to recover these scattering
of specified length. The autocorrelation at lag 2 now determines centers from poly-(bi)-staic polarimetnc (bistatic scattering matx)
the number of runs of length 1. More generally the autocorrelation signatures which then may be used to formulate target
at lag (k+ 1) establishes a relation between consecutive runs with classification, imaging and identification algorithms. The apprcech
sum exactly equal to k. Judicious use of these relations greatly adopted in this investigation is based on the solution to the general
facilitates the computer synthesis of binary sequences. While the poly-(bi)-static high frequency isolated scattering center recovery
method is quite general, emphasis is on tracking applications where problem. Once this direct model solution is established and verified
it is desired to minimize the sidelobes as far as possible. Author with the analytically model-generated and measured model test

data, it is used as a building block toward more complicated inverse
problems for the following realistic situations: (1) scattering center

N87-18744# Illinois Univ., Chicago. Communication Lab. recovery with aspect/frequency restricted measurements tor more
BASIC MONOSTATIC POLARIMETRIC BROADBAND TARGET economic/realistic implementation (limited bi/mono-static aspect
SCATTERING ANALYSIS REQUIRED FOR HIGH RESOLUTION angles, narrow bandwidth, CW multi-(bi)-static angle data, etc.) for
POLARIMETRIC RADARTARGETDOWNRANGE/CROSSRANGE the development of classification/imaging/identification algonthms;
IMAGING OF AIRBORNE SCATTERERS and (2) shape/surface material decomposition pattern recognition
PING-YUEN FOO, SUJEET K. CHAUDHURI (Waterloo Univ., algorithms based on the knowledge of the recovered distribution
Ontario), and WOLFGANG-M. BOERNER In AGARD Multifunction of 3-dimensional distributed scattering centers on a complex shape
Radar for Airborne Applications 10 p (SEE N87-18721 11-32) target. Author
Jul. 1986
(AGARD-CP-381) Avail: NTIS HC AIO/MF A01

It has been well known that high frequency radar interrogation
may disclose fine geometrical as well as indepth material
decomposition of radar targets, whereas low frequency interception N$7-18746# Thomson-CSF, Malakoff (France).
may only recover such coarse information as target size and target TARGET ANALYSIS THROUGH FINE DISTANCE
volume. At low frequencies, a target behaves as if it were a point DISCRIMINATION Abstract Only (DISPOSITIF DANALYSE DE
source; within the resonance frequency regime it may disclose its CIBLES PAR DISCRIMINATION FINE EN DISTANCE)
natural frequency structure; and at high frequencies (PO/GO) its R. AMBOS In AGARD Multifunction Radar for Airborne
geometrical fine structures. Any target descriptor which is intended Applications 1 p (SEE N87-18721 11-32) Jul. 1986 In
to describe the geometry becomes somewhat loose in its validity FRENCH
at low and resonant frequencies. For a target descriptor to describe (AGARD-CP-381) Avail: NTIS HC AIO/MF A01
fine geometrical structure, it has to be defined on a high frequency Fine target analysis as a function of distance requires an
hsis. In the phenomenological wideband polarimetric approach emission with an instantaneous wide band spectra, i.e., for a
of the oolarimetric radar target description first introduced by resolution of 50cm, 300 MHz are necessary. To develop an analysis
Kennaugh and further extended by Huynen, the proper specification technique based on pulse compression with linear frequency
of frequency range of validity has not been pointed out. In both modulation, it is necessary to develop very strong BT
treatments little care was given to this fact, which resulted in a (bandwidth-time) dispersive lines, to encode and process the
haphazard early rejection of these important high resolution compressed pulses very quckly. The principle proposed handles
polarimetric radar target imaging theories because the resulting these difficulties in the following manner. to develop the strong
algorithms were incorrectly applied to the total spectral region. In BT necessary for the emission by utilizing existing dispersive lines
view of these unsubstantiated claims of the complete uselessness resulting from specific analog processing. M.G.
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N87-18748# Siemens kG., Munich (Germany, F.R.). of 4W/mm gate width, which is more than twice that of the best
THE MIXTURE OF DIFFERENT SEMICONDUCTOR GaAs MESFET. Monolithic technology is especially attractive at
TECHNOLOGIES IN RADAR MODULES AND ITS IMPACT mm-wave frequencies, due to the smaller component size and
ON COOLING PROBLEMS AND RELIABILITY the minimization of parasitics. Results on 44 GHz phase shifters
ERIK LANGER n AGARD Multifunction Radar for Airborne are presented. Electronically varable time delay rather than phase
Applications 8 p (SEE N87-18721 11-32) Jul. 1986 shift is required for low-sidelobe phased arrays having wide
(AGARD-CP-381) Avail: NTIS HC A10/MF AOl instantaneous bandwidth. Monolithic SAW tapped delay lines on

The T/R-mOdules of active phased array radars (PAR) contain GaAs are described for use at center frequencies under 1 GHz
electronic circuits made from very different materials and Above I GHz, magnetostatic wave devices are capable of
technologies. The power dissipation of the dense packed modules continuous variable time delay over a 40 nsec range. Author
produces much heat in the array which has Only moderate cooling
conditions. Therefore. the electronic devices must operate at N87-18751# Societe d'Etude du Radant. Les Ulis (France).
ambient temperatures up to 90 C. Despite careful optimization of ELECTRONIC SCANNING ANTENNA FOR MILITARY AIRCRAFT
the heat paths, junction temperatures can rise up to 160 C. Hence OF THE 19901 Abstract Only [ANTENNE A BALAYAGE
failure mechanisms with high activation energies (e.g., 1.85 eV) ELECTRONIQUE AEROPORTEE POUR AVION DARME DES
are relevant, even through they can normally be neglected for ANNEES 90)
reliability estimations. By optimizing the individual devices one can C. CHEKROUN In AGARD Multifunction Radar for Airborne
expect that with soft degradation the mean repair interval (MRI) Applications 1 p (SEE N87-18721 11-32) Jul. 1986 In
of the array will be about I to 3 years accumulated service times. FRENCH
The degradation of electrical performance at high temperatures (AGARD-CP-381) Avail: NTIS HC AO/MF A01
limits only the transmission power and the receiver noise figure. A 7-bit electronic scanning antenna has been developed. The
By application of an Arrhenius graph and modification of the bath possibilities of the wide angular coverage (70 deg cone), the
tube curve, one can derive reliability figures from stress tests with radioelectric performance (transmission less than 15 dti). and the
small numbers of samples in an early state of development. The frequency band of this antenna makes it an ideal candidate for
reliability and packaging problems can be solved, so that the air-to-air multifunction radar of the 90's. A prototype antenna
T/R-modules can meet the requirements of active PAR. Author is described and some X band results amr given. MG.

N87-18749# Rome Air Development Center, Griffiss AFB, NY. N87-18752# AEG-Telefunken, Ulm (Germany, F.R.). Radio and
MMIC T/R MODULES FOR THE NEXT GENERATION AIRBORNE Radar Systems Group.
SURVEILLANCE PLATFORMS EHF MULTIFUNCTION PHASED ARRAY ANTENNA Abstract
EDWARD J. JONES, MICHAEL 0. LITTLE. THOMAS A. MCEWEN, Only
R. HUNTER CHILTON, and JOSEPH P. POLNIASZEK In AGARD KLAUS SOLBACH In AGARD Multifunction Radar for Airborne
Multifunction Radar for Airborne Applications 6 p (SEE N87-18721 Applications I p (SEE N87-18721 11-32) Jul. 1986
11-32) Jul. 1986 (AGARDOCP-381) Avail: NTIS HC AI0/MF A01
(AGARD-CP-381) Avail: NTIS HC A1O/MF A01 The design of a low cost demonstration EHF multifunction-

Technology for a lightweight low cost transmit/receive (T/R) phased array antenna is described. Both, the radiating ele-
modute for the next generation airborne surveillance phased array ments and the phase-shifter circuits are realized on microstrip
radar is described. The T/R module in an active phased array substrate material in order to allow photolithographic batch
radar im a primary system cost driver; therefore, a low cost, module fabrication. Self-encapsulated beam-lead PIN-diodes are employed
had to be developed in order to make future phased arrays as the electronic switch elements to avoid expensive hermetic
affordable. Monolithic microwave integrated circuit (MMIC) encapsulation of the semiconductors or complete circuits. A
technology is the technology being developed to fill the above space-feed using a horn-radiator to illuminate the array from the
requirement. MMIC technology is an approach wherein all the active front-side is found to be the simplest and most inexpensive feed.
and passive elements of the circuit arid their required The phased array antenna thus operates as a reflect-array, the
interconne,;tions are formed on a single semiconductor material, antenna elements employed in a dual role for the collection of
e.g., gallium arsenide. MMIC technology appears to be ideal energy from the teed-horn and for the re-radiation of the
because of the inherent low cost involved with production of phase-shifted waves (in transmit-mode). The antenna is divided
integrated circuits. The low production cost is due to the lack of into modules containing the radiator/phase-shifter plate plus drive-
manual handling and assembly, improved reliability, improved and BITE-circuitry at the back. Both drive- and BITE-components
reproducibility, small size and weight. circuit design flexibility, and use gate-array integrated circuits especially designed for the
broadband performance. Author purpose. Several bus-systems are used to supply bias and logical

data flows to the modules. The beam-steering unit utilizes several
N87-18750# Rome Air Development Center, Hanscom AFB, signal processors and high-speed discrete adder circuits to combine
MA. Electromagnetic Sciences Div. the pointing, frequency and beam-shape information from the radar
LOW-COST, MONOLITHIC BEAMFORMING COMPONENTS FOR system computer with the stored phase-shift codes for the array
RADAR Abstract Only elements. Since space, weight and power consumption are prime
PAUL H. CARR, SCOTT W. MITCHELL, and RICHARD T. considerations only the most advanced technology is used in the
WEBSTER In AGARD Multifunction Radar for Airborne design of both the microwave arid the digital/drive circuitry.
Applications 1 p (SEE N87-18721 11-32) Jul. 1986 Author
(AGARD-CP.381) Avail: NTIS HC AtO/MF A01

Planar, monolithic technology offers the possibility of lov ,rnng N87-19753# Technische Hogeschool. Delft (Netherlands). Dept
the cost of beamforming components, which contribute significantly of Electrical Engineering.
to the high price of phased array radars. The most immediate BASIC CHARACTERISTICS OF FM-CW RADAR SYSTEMS
opportunity for planar technoogy could be to replace the costly L. P. LIGTHART. L. R. NIEUWKERK, and J. S. VANSINTTRUYEN
ferrite phase shifters in current use. PIN diode phase shifters have In AGARD Multifunction Radar for Airborne Applications 11 p
the advantage of faster switching times (sub-microsecond) than (SEE N87-18721 11-32) Jul. 1986
terrufes and the disedvantage of slightly higher insertion loss, which (AGARD-CP-381) Avail: NTIS HC AIt/MF A01
is due to the fact that microsrip is inherently more ossy than Due to rapid technological progress in resl-time signal
waveguide. Low cost PIN phasers can be fabricated by monolithic processing, FM-CW radar systems are expected to become a more
technology or automated, robotic hybrid thick-film techniques. serious competitor to pulse radar systems This paper deals with
Monolithic phase shifters on GaAs have typical losses of 6 dB basic radar principles such as modulating waveforms and ambiguity
and power handling capabilities under a watt. This eliminates them functions characteristics. Advantages and disadvantages of FM-CW
from consideration as replacement for ferrite phasers in the radar systems are compared to pulse radar systems. The inherent
corporate ted arrays considered above. New research results on signal processing used in FM-CW radar systems allows a flexible
reducing this insertion loss are presented. The insertion loss is choice of system parameters. In this context aspects like sensitivity,
not critical if the phase shifter is followed by an efficient power range and velocity resolution are discussed. It is elucidated that
ampifier. The French have reported on MISFET amplifiers on IoP the use of digital processors for signal processing (frequency
with 33% power added efficiency and a power output at 9 GHz determination, filtering, etc.) offers the possibility to exchange
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dedicated hardware solutions with software implementations. warning including the detection of wires up to a range of
Attention is paid to equipment like the antennas, diplaxer. approximately 500 m; due to the selection of a frequency in the
transmitter and receiver, and to isolation problems between absorption tine of oxygen resuting in a high atmospheric attenuation
transmitter and receiver. Results of an experimental FM-CW (16 dB/km), the susceptibility to interception and thus also to
research radar are shown. In addition, the future prospects of interference electronic countermeasures can be maintained at a
FM-CW radar, with the aerial and solid-state R.F. head-end very low level. A 50 GHz radar subsystem (attenuation as low as
integrated, are indicated. M.G. 0.3 dB/kmn) with its range of approximately 5 km against targets

of interest is used for navigation, fixed and moving target indication
N7-16754# Thomson-CSF, Malakoff (France). Division A V. as well as weapon designation. Due to the combination of the
S. two subsystems (50/60 GHz). high-value components (antenna,
RADAR DISPLAY. CONVERSION OF SCANNING: ERRORS AND scanner, receiver assemblies, control and indicator units) can be
CORRECTION TECHNIQUES [VISUALISATION RADAR. used jointly for both subsystems, so that the special features of
CONVERSION DE BALAYAGE: DEFAUTS ET TECHNIQUES each subsystem become available at reasonable expenses.
DAMELIORATION1 Author
JEAN-CLAUDE BARON In AGARD Multitunction Radar for
Airborne Applications 10 p (SEE N87-13721 11-32) Jul. 1986 t487-18757# Alabama Univ.. Huntsville. Dept. of Electrical and
In FRENCH Computer Engineering.
(AGARD-CP-381) Avail: NTIS HC AI0/MF A01 SIMULATION OF MULTISTATIC AND BACKSCATTERING

Video radar information resulting from processing circuits is in CROSS SECTIONS FOR AIRBORNE RADAR
polar coordinates. The presentation of this information on a screen ALBERT W. BIGGS In AGARD Multifunction Radar for Airborne
requires a preliminary storage in a memory referred to as a radar Applications 11 p (SEE N87-18721 11-32) Jul. 1986
map memory or image memory. In numerous cases, the (AGARD-CP-381) Avail: NTIS HC A10/MF Aol
organization of image memory in cartesian coordinates is interesting In order to determine susceptibilities of airborne radar to
because it allows: (1) certain radar processing to be easily carried electronic countermeasures and electronic counter-countermea-
out: (2) carer movement compensation; and (3) direct access for sures simulations of multistatic and backscattering cross
the presentation of the image in the television mode. The sections were developed as digital modules in the form of
conversion of scanning, which allows the recording of video radar algorithms. Cross section algorithms are described for
(presented in polar coordinates) in the memory in cartesian prolate (cigar shape) and oblate (disk shape) spheroids.
coordinates, can generate errors, the most prominent of which Backscattenng cross section algorithms are also described for
are the loss of radar information for near distances and images different categories of terrain. Backscattering cross section
with black zones for very great distances. The techniques which computer programs were written for terrain categorized as
permit the removal or correction of these errors are based on: a vegetation, sea ice. glacial ice, geological (rocks, send, hills, etc.).
harmonization between radar parameters and those of the image oceans, man-made structures, and water bodies. PROGRAM
memory; processing techniques at the level of memory points or SIGTERRA is a file for backscatteing cross section modules of
at the level of image pixels; and techniques of filling-in through terrain (TERRA) such as vegetation (AGCROP), oceans (OCEAN),
interpolation. M.G. Arctic sea ice (SEAICE), glacial snow (GLASNO), geological

structures (GEOL), man-made structures (MAMMAD), or water
N87-18755# Thomson-CSF, Malakoff (France). Division A. V. bodies (WATER). AGCROP describes agricultural crops, trees or
S. forests, prairies or grassland, and shrubs or bush cover. OCEAN
POSTINTEGRATION OF RADAR IMAGES Abstract Only has the SLAR or SAR looking downwind, upwind, and crosswind
[IPOSTINTEGRATION DIMAGES RADAR] at the ocean surface. SEAICE looks at winter ice and old or polar
DANIEL GARNIER In AGARD Multifunction Radar for Airborne ice. GLASNO is divided into a glacial ice and snow or snowtields.
Applications I p (SEE N87-18721 11-32) Jul. 1986 In MANMAD includes buildings, houses, roads, railroadtracks, airfields
FRENCH and hangars, telephone and power lines, barges, trucks, trains,
(AGARD-GP-81) Avail: NTIS HC A10/MF A01 and automobiles. WATER has lakes, rivers, canals. and swamps.

The integration of radar maps. obtained with airborne synthetic PROGRAM SIGAIR is a similar file for airborne targets such as
antenna radar, enhances the quality of the maps by augmenting prolate and oblate spheroids. Author
the contrast of actual echoes with respect to background noise.
The enhancement works especially well on the noise called N87-18758# Department of Communications, Ottawa (Ontario).
granulation or speckle, which is characteristic of coherent radar. THE USE OF SIMULATED SYNTHETIC-APERTURE RADAR:
The integration of radar maps representing a single scene obtained SIGNALS OF SHIPS IN THE DEVELOPMENT OF AN
in the course of successive scans, therefore at different angles AUTOMATIC SHIP CLASSIFICATION SYSTEM Abstract Only
and distances, requires precise compensation for vehicle MALCOLM R. VANE and J. K. E. TUNSLEY (London Research
movement. This compensation is analyzed for the case of echo and Development, Ontario) In AGARD Muftifunction Radar for
storage in an XY memory architecture and a rho-theta architecture. Airborne Applications I p (SEE N87-18721 11-32) Jul. 1986
Two types of fiters are examined: (f) the RC type and (2) the (AGARD-CP.381) Avail: NTIS HC A10/MF A01
sliding average titer. The expeimental results are presented and One of the major problems encountered in developing and
the pros and cons for each procedure are discussed. M.G. testing any target classification scheme is the collecton of an

adequate data base for training and testing the classifier. This is
N1S7-18756# AEG-Telefunken, Ulm (Germany, F.R.). particularly a problem if one must obtain radar information from a
DUAL FREQUENCY MM-WAVE RADAR FOR ANTITANK large number of viewing angles and over a large number of targets,
HELICOPTER Abttract Only some of which may be unfriendly. A method for obtaining this
F. X. JEHLE and H. MEINEL In AGARD Multifunction Radar for information by simulation is described. Synthetic aperture radar
Airborne Applications I p (SEE N87-t8721 11-32) Jul. 1986 signals such as would be obtained from either a moving or a
(AGARD-CP-381) Avail: NTIS HC A10/MF Aol stationary ship. are simulated and it is shown how such a facility

Helicopters are gaining increasing significance for air close can be used in the development of an automatic ship classification
support, airborne landing, tank unit interdiction and both helicopter system. The images of stationary ships are used to train and test
and tank engagement missions. To support these mission phases, the classification system and the images of moving vessels are
sensors are required for obstacle warning, navigation, and moving used to show how the classifier performance degrades it the motion
and fixed target indication for weapon designation. The maoty is left uncorrected. A readily available data base such as Jane's
of the present systems use optical and infrared sensors; some of Book of Ships is used to compile 3-D outlines of the vessels of
them apply laser systems. These sensor systems are subject to interest. These outlines, accurate down to the 1-m level. are used
consideiable limitations with respect to their capability of to decompose the ship's superstructure into a set of radar
penetrating bad weather zones, fog, and battlefield environment scatterers. The returns from the scatterers are then summed, taking
(dust, smoke, man-made fog etc.). The design concept of a into account the viewing angle of the radar. Using this technique,
dual-frequency radar operating in millimeter wave range which the radar scattering models for a complete library of ships can be
avoids these drawbacks and complements existing sensors is formed, and the library used to develop and test various automatic
presented. ft consists of a 60 GHz radar subsystem for obstacle classification schemes. Examples of simulated SAR images of ships
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are given and the real image of a particular ship is compared to to blade span ratio. In addition, each percent loss in compressor
its simulated one. The limitations of the technique are discussed, efficiency represents one half percent loss in specific fuel
and the use of the data in testing an actual classification scheme consumption. Factors which affect blade tip clearance are
is briefly outlined. Author identified- Author

N87-18759# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
(Germany, F.R.).
RIOUIREMENTS AND APPLICATIONS FOR RADAR N87-21Na# Rome Univ. (Italy) Dept. of Electrical Engineering.
SIMULATIONS. A STANDPOINT 01 AN AIRFRAML COMPANY SPACE-BASED MULI [FUNCTION RADAR SYSTEMS: FUTURE
WERNER KOHL and WOLFGANG HETZNER In AGARD TOOL FOR CIVILIAN AND MILITARY SURVEILLANCE
Multitunction Radar for Airborne Applications 13 p (SEE N87-18721 G. GALATI and G. LOSQUADRO (Selenia S.p.A.. Rome. Italy)
11-32) Jul. 1986 In AGARD Efficient Conduct of Individual Flights and Air Traffic or
(AGARD-CP-381) Avail: NTIS HC A10/MF AOl Optimum Utilization of Modern Technology for the Overall Benefit

An overview of requirements and applications for radar of Civil and Military Airspace Users 9 p (SEE N87-21881 15-04)
simulations performed by an airframe company is presented. The Dec. 1986
discussion covers offline computer models either as stand alone (AGARD-CP-410) Avail: NTIS HC A15/MF A01
or implemented within air or sea combat simulations. The use for Space-based surveillance systems, including primary radar
online models reach from interface simulations to rather complex (SBR) and secondary surveillance radar (SBSR) are of interest for
models for manned aircraft simulations. The paper presents realized both air traffic control and the air defence. The relevant state of
examples of radar models for air or sea combat simulations, an the art, surveillance system architectures with special reference
experimental engineering tool which simulates a core avionic to the European scenario and future work are discussed.
system, a 1 versus 1 advanced flight simulation with a pilot in the Multifunction space-based surveillance for European applications,
loop and a radar signal simulation implemented in a terrain-following synthetic aperture radar for remote sensing and system options
closed loop simulation at an avionic rig. Author and tradeoffs are discussed. Author

N87-16760# Thomson-CSF. Montrouge (France).
CRITERIA FOR THE EVALUATION OF RANGE
PERFORMANCES IN AIR/AIR INTERCEPTION Abstract Only N87-21889# Thomson-CSF, Meudon-la-Foret (France). SDC
[CRITERES POUR LEVALUATION DES PERFORMANCES DE Div.
PORTEE EN INTERCEPTION AIR/AIR) MONOPULSE SECONDARY RADAR: PRACTICAL REALIZATION
P. RAMSTEIN In AGARD Multifunction Radar for Airborne AND ACHIEVEMENT. MODE S: THE RADAR OF TOMORROW
Applications 1 p (SEE N87-18721 11-32) Jul. 1986 In FRANCOIS DELILLE In AGARD Efficient Conduct of Individual
FRENCH Flights and Air Traffic or Optimum Utilization of Modern Technology
(AGARD-CP-381) Avail: NTIS HC A10/MF A01 for the Overall Benefit of Civil and Military Airspace Users 15 p

Radar range performances are given either as a scanning (SEE N87-21881 15-04) Dec. 1986
detection probability of 50%. or a cumulative detection probability (AGARD-CP-410) Avail: NTIS HC A15/MF AOl
of from 85 to 90%, depending on the approach speed of the There can be no doubt that Mode S will be part of tomorrow's
target and the duration of the scan cycle. These values offer only Air Traffic Control (ATC) radar. Its assets in terms of air traffic
incomplete data for the evaluation of intercept performance. More surveillance and data link are noted. Fundamental characteristics
complete data can be obtained by considering, for a given target, are its compatibility with existing secondary surveillance radar's
the acquisition probability, or better, probability of definite (SSR), selective interrogation and monopulse reception. The
acquisition, that is, not following losses at great or moderate monopulse SSR is a landmark in the transition towards Mode S;
distance. A method of fast computation for these probabilities is it contributes several major improvements, without requiring
described which avoids the use of statistical simulation. This onboard transponders to be changed. Choices made in the
method, based on the use of Markov chains, takes into account implementation of the system are discussed, in particular as regards
the logistics of acquisition and target loss, as well as the probability the antenna, transmitter, reception and processing techniques.
of detection in one pass. Examples are given which show how to Through these options, full Mode S compatibility is maintained.
optimize the scanning speed and permit a comparison of modes Practical results have turned out to be conclusive, and so the
with and without transmission frequency agility. Finally, a discussion system was taken into production and already many stations are
addressing the selection of evaluation criteria best adapted to a operational round the world. The Mode S extension which has to
given operational situation is presented. M.G. be added to the monopulse radar is also described, and it is

being operated at Orly as part of an experimental development
N$7-21200# Air Force Wright Aeronautical Labs., program. Author
Wright-Patterson AFB, OH.
COMPRESSOR BLADE CLEARANCE MEASUREMENT USING
CAPACITANCE AND PHASE LOCK TECHNIQUES
ROSARIO N. DEMERS In AGARD Advanced Instrumentation N87-21890# Thomson-CSF, Meudon-la-Foret (France). SDC
for Aero Engine Components 10 p (SEE N87-21170 14-31) Nov. Div.
1g86 A PRACTICAL EXAMPLE OF MOVING TARGET DETECTION
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 (MTO) PROCESSING FOR AN AIR TRAFFIC CONTROL RADAR

The clearance measurement system has several unique features WITH WEATHER CHANNEL
which mimimize problems plaguing earlier systems. These include CHRISTINE BRUNO In AGARD Efficient Conduct of Individual
tuning stability and sensitivity drift. Both these problems are Flights and Air Traffic or Optimum Utilization of Modem Technology
intensified by the environmental factors present in compressors for the Overall Benefit of Civil and Military Airspace Users 9 p
i.e., wide temperature fluctuations, vibrations, and conductive (SEE N87.21881 15-04) Dec. 1986
contamination of probe tips. The circuitry in this new system (AGARD.CP-410) Avail: NTIS HC AIS/MF A01
provides phase lock feedback to control tuning and shut calibration Air Traffic Control (ATC) radar processing of the Moving Target
to measure sensitivity. The use of high frequency excitation lowers Detector (MTO) type is described. It comprises an independent
the probe tip impedance, thus miminizing the effects of processing channel called weather channel, which supplies
contamination. A prototype has been built and tested. The ability meteorological data. The MTD processing technique is aimed at
to catibrate has been demonstrated. An eight channel system is improving the detection of useful targets in the midst of clutter.
now being constructed for use in the Compressor Research Facility The algorithms employed are detailed, as well as the performance
at Wright-Patterson AFB. The efficiency of a turbine engine is to to be expected, in particular the improvement in the radar picture
a large extent dependent upon the mechanical tolerances presented to the operator. The processing system is made up of
maintained between its moving parts. On critical tolerance is the programmable processors, of which the architecture and other
blade span. Although this tolerance may not appear severe, the main features are described, as is the radar station remote
impact on compressor efficiency is dramatic. The penalty in percent monitoring and maintenance system. Finally, results obtained in
efficiency has been shown to be three times the percent clearance experiments are given. Author
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N87-23859# Advisory Group for Aerospace Research and N87-23862# AEG-Telcfunken. Ulm (Germany, F.R.). Radar
Development, Neuilly-Sur-Seine (France). Avionics Panel. Subdivision.

ICROWAVE ANTENNAS FOR AVIONICS AIRCRAFT ANTENNAS/CONFORMAL ANTENNAS MISSILE
Apr. 1987 161 p Lectures held in Rome, Italy, 7-8 May 1987; ANTENNAS
in Guenzburg, West Germany, 11-12 May 1987; and in Ankara. KLAUS SOLBACH In AGARD Microwave Antennas for Avonics
Turkey, 14-15 May 1987 16 p (SEE N87-23859 17-32) Apr. 1987
(AGARD-LS-151; ISBN-92-835-1547-1; AD-A185152) Avail: NTIS (AGARD-LS-151) Avail: NTIS HC A08/MF AOl
HC A08/MF AOl Three major areas of airborne microwave antennas are

Even though considerable advances have been made in digital examined. The basic system environment for missile
technology and sional -rocessing, antennas continue to play a telemetry/telecor~mand and fuze 'unctio- is -t.ietched and the
key role and thew performance is often a dominating factor in basic antenna design together with practical examples are
defining the overall effectiveness of a system. New system discussed. The principle requirements of modern nose radar fiat
requirements, and the need to provide electronic scanning plate antennas are shown to result from missile/aircraft system
capabilities have presented major challenges to the technology requirements. Basic principles of slotted waveguide antenna arrays
that require substantial improvements over what is currently are sketched and practical antenna designs are discussed. The
available. Over the last decade there have been notable advances present early warning system designs are sketched to point out
in antenna and radome design, particularly in sidelobe reduction, requirements and performance of practical radar warning and
electronic scanning, conformal arrays, printed circuit arrays, jamming antennas (broadband spiral antennas and horn radiators).
adaptive control and millimeter wave antennas. Many of these With respect to newer developments in the ECM scenario, some
issues are addressed. Future trends and new directions for demonstrated and proposed antenna systems (lens fed arrays,
technological innovation are subjects for round table discussions, phased array, active array) are discussed. Author
For individual tiles, see N87-23860 through N87-23867.

N87-23863# TICRA A/s, Copenhagen (Denmark).
SPACECRAFT MULTI-BEAM AND CONTOURED-SEAM
ANTENNAS
P. BALLING In AGARD Microwave Antennas for Avionics 23 p
(SEE N87-23859 17-32) Apr. 1987 Sponsored in part by

N87-23860# Rome Aw Development Center, Hanscom AFB, INTELSAT
MA. Electromagnetics Directorate. (AGARD-LS-151) Avail: NTIS HC A08/MF A01
BASIC PARAMETERS OF ANTENNAS FOR AIRCRAFT, High gain spacecraft antennas with multiple beams and
SATELLITES AND MISSILES contoured beams are key components in satellite communications
ROBERT J. MAILLOUX In AGARD Microwave Antennas for and direct broadcast systems. This is reflected on the latest
Avionics 17 p (SEE N87-23859 17-32) Apr. 1987 generation of communications satellites, where the antenna
(AGARD-LS-151) Avail: NTIS HC A08/MF AO subsystem is the largest subsystem with its weight of more than

System requirements for airborne, satellite and missile antennas 300 kg. The antennas achieved a large communications capacity
continue to place increasingly severe demands upon antenna through multiple frequency reuses and may be reconfigured to
technology. In general these requirements push toward the serve different coverage areas. The current multi-beam and
increased capability to control and modify antenna patterns, and contoured-beam antenna technology is reviewed. Different
away from the use of small antennas with broad radiation patterns, implementation, reflector or lens with feed array or direct radiating
Increased control can imply several levels of added sophistication- array, are considered. The emphasis is placed upon systems with
At the lowest level it implies mechanical or electronic scanning of offset paraboloidal reflectors. The limitations of the offset reflector
an antenna directive pattern, at the next level there are needs to with respect to beam scanning and cross polarization are reviewed.
produce precise low sidelobe radiation patterns, anc at the highest Computer aided design procedures and design examples are
level of complexity there is the need to actively suppress jammer presented. Author
interference through the use of adaptive control of a full array or
an antenna with sidelobe cancellers. In addition to increased N87-23864# Army Communications-Electronics Command, Fort
control, there is also a trend toward higher frequencies, even to Monmouth, NJ.
EHF frequencies where arrays of several thousand elements are MILLIMETER WAVE ANTENNAS FOR AVIONICS
necessary for some applications. These needs and applications FELIX K. SCHWERING In AGARD Microwave Antennas for
of antenna technology are examined. Author Avionics 8 p (SEE N87-23859 17-32) Apr. 1987

(AGARD-LS-151) Avail: NTIS HC A08/MF A01
An overview of the area of mm-wave antennas is presented

with emphasis on possible avionics applications. For the purpose
of the review, mm-wave radiating structures are grouped into two
classes: antennas of conventional configuration and antennas

N87-23861# Westinghouse Electric Corp., Baltimore, MD. based on new design concepts. The first class is composed of
Advisory Engineer-Antenna Development. well known antennas such as reflector, lens, horn and slotted
AIRCRAFT RADAR ANTENNAS waveguide antennas. The second class includes radiating structures
HELMUT E. SCHRANK In AGARD Microwave Antennas for such as printed circuit mm-wave antennas, antennas derived from
Avionics 7 p (SEE N87-23859 17-32) Apr. 1987 open mm-waveguides. and integrated antennas. Some of these
IAGARD-LS-151) Avail: NTIS HC AO8/MF A01 antennas have microwave counterparts, others are new with no

Many changes have taken place in airborne radar antennas microwave heritage. Millimeter wave antennas are usually of very
since their beginnings over forty years ago. A brief historical review reasonable size and weight, and some of these antennas are
of the advances in technology is presented, from mechanically suitable for rapid mechanical scanning. They should be sufficiently
scanned reflectors to modem multiple function phased arrays. versatile to satisfy most avionics requirements. Atmospheric
However, emphasis is not on history but on the state-of-the-art propagation conditions vary strongly throughout the mm-wave band
technology and trends for future airborne radar systems. The status and have to be taken into account in the design of mm-wave
of rotating surveillance antennas is illustrated by the AN/APY-1 systems and their antennas. A brief summary of these effects is
Airborne Warning and Control System (AWACS) slotted waveguide included. Author
array, which achieved a significant breakthrough in sidelobe
suppression. Gimballed flat plate arrays in nose radomes are N87-23865# Standard Telephones and Cables Ltd., Paignton
typified by the AN/APG-66 (F-16) antenna. Multifunction phased (England).
arrays are presented by the Electronically Agile Radar (EAR) ADAPTIVE ANTENNAS
antenna, which has achieved significant advances in performance P. BARTON In AGARD Microwave Antennas for Avionics 21 p
versatility and reliability. Trends toward active aperture, adaptive, (SEE N87-23859 17-32) Apr. 1987
and digital beamformiog arrays are briefly discussed, Antennas (AGARD-LS-151) Avail: NTIS HC A08/MF A01
for future aircraft radar systems must provide multiple functions in The basic principles of adaptive antennas are outlined in terms
less aperture space, and must perform more reliably. Author of the Wiener-Hopt expression for maximising signal to noise ratio
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n an arbitrary noise environment; the analogy with generalized N87-29S18# Hazeltine Corp., Greenlawn, NY. Adaptive Systems
matched filter theory provides a useful aid to understanding. For Lab
many applications, there is insufficient information to achieve the INCREASING THE USEFULNESS OF AWACS DOWNLINK
above solution and thus non-optimum constrained null steering TRANSMISSIONS BY SEMANTIC COMPRESSION
algorithms are also described, together with a summary of methods BONNIE SCHNITTA-ISRAEL and ROY S. FREEDMAN In AGARD,
for preventing wanted signals being nulled by the adaptive system. Information Management and Decision Making in Advanced
The three generic approaches to adaptive weight control are Airborne Weapon Systems 4 p (SEE N87-29503 24-06) Feb.
disnussed- correlation steepest descent, weight perturbation and 1987
direct solutions based on sn,.e matrix ;a,.versron. T-,e uadeos (AGARP CP-414) A a;! NT!S HO I F ^
between hardware complexity and performance in terms of null Preliminary investigation of the data compression by semantic
depth and convergence rate are outlined. The sidelobe cancellor techniques via an automated resource allocation system based
technique is described. Performance variation with jammer power on AWACS operator expertise indicates improvement would occur
and angular distribution is summarized and the key performance to down link data transmission for C 2 missions, In essence this
limitations identified. The configuration and performance improvement is obtained by improving the timeliness of information
characteristics of both multiple beam and phase scan array transmission through knowledge directed allocation. In order to
antennas are covered, with a brief discussion of performance specify a complete system, a list of tasks which should be
factors. Author considered are listed. Author

N87-29522# National Aeronautical Establishment, Ottawa
Na-23866 Communications Research Centre, Ottawa (Ontario).
OnltaCNo). SPEECH IS MORE THAN JUST AN AUDIBLE VERSION OFMtC TECHNOLOGY FOR PHASED ARRAYS TEXT

R. DOUVILLE In AGARD Microwave Antennas for Avionics 19 p MELVYN J. HUNT I AGARD, Information Management and

(SEE N87-23859 17-32) Apr. 1987 MELVYN M.kiN T In Aa d I for maton System e and

(AGARD-LS-151) Avail: NTIS HC A08/MF A01 Decision Making in Advanced Airborne Weapon Systems 12 p (SEE

The technology and performance of typical transmit receive N87-29503 24-06) Feb. 1987

(T/R) modules which includep the basic elements of a phase shiffer, (AGARD-OP-414) Avail: NTIS HO A14/MF AOl
alowno mlie hahnd aheighspcwerlfes oiapase sMan machine communication by text using keyboards and
a low noise amplifier. and a high power amplifier is emphasized. screens is much more firmly established than voice I/O. Partly
An overview is given of microwave integrated circuits (MICs) because of this, .,icc tends to be regarded as an audible version
technology with respect to its use in phased array systoms for of text. This view is misleading: it leads to an underestimation of
military applications. Historically, the term MIC has been used to both the difficulties and the potential of voice I/O. Speech encodes
refer to planar microwave circuits using one or more different information On factors such as speaker identity and attitude and
forms of ponted transmission lines, all characterized by their ability sentence structure in ways that have no counterpart in test. The
to be photoetched on a suitable dielectric substrate. Active and style of language appropriate for speech is guile diherent from

passive discrete components such as transistors, chip capacitors that appropriate for test. Speech output and input systems tend

and resistors are then attached. This technology is more precisely to ignore those aspects of the speech signal that are not directly
referred to as hybrid MIC (HMIC). The field of MIC design is represented in text, and they frequently use a style and syntax
currently undergoing a major revolution due to the rapid emergence suited to text rather than speech. In the case of speech output,
of monolithic MIC (MMIC) design. In this latter, all components, the technology needed to exploit the additronal aspects of the
including the active devices, are fabricated using deposition and speech signal is already appearing, and recordings illustrating the
etching processes, thereby eliminating the need for attachment of possibilities are available. In the case of speech output, the
dreectomthrpoential inhased arrayologie aen s. d w technology is not yet developed, but the ability to manipulate
respect to their potentiat in phased array antennas. E.R. features such as voice quality in speech output systems may be

a powerful tool in learning how to exploit such features in speech
input systems. Author

N87-26955# Deutsche Forschungs- und Versuchsanstalt fuer
Luff- und Raumfahrt, Oberpfaffenhoen (West Germany). Inst. fuer
Hochfrequenztechnik. N87-29523# Centre d'Etudes at de Recherches de Medecine
THE CURRENT AND FIELD DISTRIBUTION OF A HIGH POWER Aerospatiale, Paris (France).
SATELLITE ANTENNA AFFECTED BY NONLINEAR PLASMA VOICE COMMAND AND THE CHANGE OF MENTAL
SHEATH PHENOMENA REPRESENTATION DURING TASK PERFORMANCE
K-H. BETHKE and P. EDENHOFER (Bochum Univ., West Germany) [COMMANDE VOCALE ET CHANGEMENT DE
In AGARD, The Aerospace Environment at High Atitudes and REPRESENTATION MENTALE DANS LA TACHE]
its Implications for Spacecraft Charging and Communications 10 R. AMALBERTI, 0. BATEJAT, and J.-P, MENU In AGARD,
p (SEE N87-26937 21-18) May 1987 Sponsored in part by Information Management and Decision Making in Advanced
Burdesministerium tuer Forschung und Technologie. West Airborne Weapon Systems 10 p (SEE N87-29503 24-06) Feb.
Germany 1987 In FRENCH
(AGARD-CP-406) Avail: NTIS HC A13/MF A01 (AGARD-CP-414) Avail: NTIS HC A14/MF A01

For electromagnetic and acoustic radiation from antennas in a A two task experiment was performed to assess the distribution
plasma environment, the fundamental electro- and hydrodynamic of mental resources and the competition between mental and
equations are presented involving nonlinear source terms up to speaking resources Ounng task performance. The experiment was
the third order. A perturbation procedure is applied to derive a designed so that a primary surveillance/detection task was
numerical solution from a set of coupled integral equations for performed along with a secondary task involving the input of flight
the linearized (first order) magnetic field and electron density related information by either keyboard or voice command. Detection
describing the dipole radiation into a homogeneous compressible time was measured for the primary task and accuracy was
plasma. The solution is given in terms of an equivalent surface determined for both the primary and secondary tasks. Quantitative
current density based on a Green's function representation. An results show that the use of voi-e command favors the performance
inhomogeneous plasma sheath is shown to build up around the of the primary surveillance task, but, for the secondary task. the
dipole, where the antenna-to-plasma coupling turns Out to be voice input was less accurate than the manual keyboard input.
strongest in the near field of a high power transmitting antenna. Qualitative results with regard to pilot visual comportment and

Author vocal errors are also discussed. MG.
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N$7-29524# Defence and Civil Insl. of Environmental Medicine. N87-29529# Aerospace Medical Research Labs..
Downsview (Ontario). Wright-Patterson AFB, OH.
LAYERED PROTOCOLS IN VOICE INTERACTION WITH EFFECT OF AUDIO BANDWIDTH AND BIT ERROR RATE ON
COMPUTERS PCM, ADPCM AND LPC SPEECH CODING ALGORITHM
M. M. TAYLOR In AGARD, Information Management and Decision INTELLIGIBILITY
Making in Advanced Airborne Weapon Systems 12 p (SEE RICHARD L. MCKINLEY and THOMAS J. MOORE In AGARD,
N87-29503 24-06) Feb. 1987 Information Management and Decision Making in Advanced
(AGARD-CP-414) Avail: NTIS HC A14/MF AOl Airborne Weapon Systems 7 p (SEE N87-29503 24-06) Feb.

The LAvered Prn'otoCol moel for hlmAn ie t-' iiru . - 'oxr
is described, with special reference to the problems of voice input (AGARD-CP-414) Avail: NTIS HC A14/MF A01
and output. In a layered protocol, each level passes virtual The effects of audio bandwidth and bit error rate on speech
messages back and forth between human and computer. These intelligibility of voice coders in noise are described and quantified.
virtual messages are realized in the form of interchanges at the Three different speech coding techniques were investigated, pulse
level below. The protocol at a level is analogous to the syntax of code modulation (PCM). adaptive differential pulse code modulation
a sentence, in that it is the method by which the content of a (ADPCM), and linear predictive coding (LPC). Speech intelligibility
message can be given an agreed trterpretation. Each protocol was measured in realistic acoustic noise environs by a panel of
can be designed or evaluated independently of all the others in 10 subjects performing the Modified Rhyme Test. Summary data
an interface. The stability of a protocol is determineO by its response is presented along with planned future research in optimization of
delays and by the channel capacity of the lower level prolocnl" audio bandwidth vs bit error rate tradeoff for best speech
that support its messages. Sometimes an unstable protocol can intelligibility. Author
be stabilized and speeded by reducing the message rate of the
supporting protocols. Users have been observed to do this
intuitively. Voice input provides special problems because of the NW-11909# Advisory Group for Aerospace Research and
relatively high error probability inherent in the recognizer: errors in Development, Neuilly-Sur-Seine (Francel. Ele-o.viiiagnetic Wave
other modalities are likely to be due to operator fault. This tends Propagation Panel.
to lead to unwarranted distrust of voice input, and to demands for THEORETICAL ASPECTS OF TARGET CLASSIFICATION
types of feedback that ere probably inappropriate to the level of Jun. 1987 221 p Lecture series held in Rome, Italy, 2u-30
protocol to which the recognizer is suited. Voice output can be Jun.. in Neubiberg, Fed. Republic of Germany. 2-3 Jul., and in
used by the computer to initiate protocols, or to provide a response Noresund, Norway, 6-7 Jul. 1987
channel for protocols under conditions where the user's eyes are (AGARD-LS-152; ISBN-92-835-1553-6; AD-A185125) Avail: NTIS
otherwise occupied. Consideration of protocol demands helps to HC A10/MF A01
clarify the requirements for precision in recognition, and for the Various analytical methods and, their numerical implementation,
characteristics of computer responses to voice input; it helps also for generating and classifying target signatures under transient
in judging appropriate t.riditions for !he use of voice output. and steady state illumination, with emphasis on classification

Aultor ,hemes that facilitate extraction of unknown target features in

the inverse problem of identification are discussed. Included also
are numerical modeling, experimental iesults obtained under
controlled and realistic conditions, and descriptions of range

N87-29825# University of Southern California. Los Angeles. Dept. facilities. For individual titles, see N88-11910 through N88-11921
oi .aiety and Systems Management.
THE ROLE OF ASYMMETRIC TRANSFER IN THE EVALUATION
OF VOICE GENERATION AND RECOGNITION SYSTEMS N88-11910# Polytechnic Inst. of New York, Farmingdale. Dept.
D. L. DAMOS In AGARD, Information Management and Decision of Electrical Engineering and Computer Science.
Making in Advanced Airborne Weapon Systems 8 p (SEE TARGET STRENGTH: AN OVERVIEW OF SOME RECENT
N87-29503 24-06) Feb. 1987 THEORETICAL DEVELOPMENTS
(AGARD-CP-414) Avail: NTIS HC A14/MF AOl LEOPOLD S. FELSEN In AGARD Theoretical Aspects o Target

The results of five experiments examining the effect of voice Classification 15 p (SEE N88-11909 03-32) Jun. 1987
generation and r ognition systems on dual task performance are (AGARD-LS-152) Avail: NTIS HC A10/MF A01
presented. The r ant to which asymmetric transfer biased the A brief review is given of some recent developments and trends
data in three of these experiments is determined by using statistical in the theory of target scattering and classification. Emphases is
techniques and by comparing the data to the results of between on phenomena at high and moderate frequencies. It is in these
subjects experiments. Generally. subjects performed task parametric regions where wave transport phenomena play an
combinations better when stimuli for one of the tasks was presented essential role. Author
auditorily using a voice generation system rather than visually on
a display screen. In contrast. the use of a voice recognition system
did not result in better dual task performance than the use of N9SI- $11# Ohio State Univ.. Columbus. ElectroScience Lab.
more conventional input devices. Author UNIFORM GEOMETRICAL THEORY OF DIFFRACTION

P. H. PATHAK In AGARD Theoretical Aspects of Target

Classification 20 p (SEE N88-11909 03-32) Jun. 1987
(AGARD-LS-152) Avail: NTIS HC A10/MF A0t

N87-29528# Institute for Perception RVO-TNO, Soesterberg Keller's geometrical theory of diffraction (GTD) represents a
(Netherlands). major breakthrough in solving a wide variety of electromagnetic
VOICE INTERACTIVE SYSTEMS IN SEVERE NOISE (EM) radiation and scattering problems at high frequencies. In
CONDITIONS particular. the GTD is an extension of geometrical optics to include
J. H. M. STEENEKEN and G. LANGHOUT In AGARD, Information a class of diffracted rays via a generalization of Fermat's principle.
Management and Decision Making in Advanced Airborne Weapon These diffracted rays are initiated, for example, from geometrical
Systems 6 p (SEE N87-29503 24-06) Feb. 1987 and electrical discontinuities in a scatter, or from points of grazing
(AGARD-CP-414) Avail: NTIS HC A14/MF A01 incidence on smooth convex parts of the scattering surface

In a comparison of word recognition performance between However, being a pure ray optical theory, the original GTD falls
human liseners and automatic speech recognition systems (ASR), within the transition regions adjacent to geometric optical shadow
the humar listeners performs much better, especially in severe boundaries where the diffracted field generally assumes its largest
noise conditions. An application engineer can try to optimize the value. This limitation of the GTD is overcome via the uniform
performance of an ASR system by selecting the optimal noise version of the GTD which requires the diffracted ield to make the
cancelling miu --- hone and vocabulary for voice input. Some results total high frequency held continuous across the optical shadow
from a stud -w the effect of signal handling and vocabulary boundaries. The UTD solutions for the diffraction by edges and
configuration on the performance of voice input and voice output smooth convex surfaces are reviewed in detai after introducing
systems ere discussed. Author the basic concepts of GTD. Author
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N88-11912# Naval Postgraduate School, Monterey, CA. approximation linearizes the inverse problem resulting immediately
SINGULARITY EXPANSION METHOD: TARGET RESONANCES in an inversion formula for the characterstic or singular function
MICHAEL A. MORGAN In AGARD Theoretical Aspects of Target of the scatterer if the scattered field is measured as a function of
Classification 5 p (SEE N88-11909 03-32) Jun. 1987 frequency - or as broadband transients - on a ciosed surface
(AGARD-LS-152) Avail: NTIS HC At0/MF A01 sufficiently remote from the target in an either bistatic or monostatic

A unified treatment for tie natural mode representations for experimental arrangement. Author
induced currents and scattered fields is described using elementary
concepts if causality and superpositior' The transient
baik-sattered field is shown to hay, the form of a constant N38-11916# Arizona iJniv Ticsin Eletromagnetics Lab.
coefficient exponential series only in the late-time, after the last PARAMETRIZATION IN SCATTERING MODELS
directly driven response is received from the scatterer. Prior to 0. G. DUDLEY In AGARD Theoretical Aspects of Target
this, the early-time resporn-.e is found to be due to both the direct Classification 17 p (SEE N88-11909 03-32) Jun. 1987
physical optics fields as well is to a sum of modulated natural (AGARD-LS-152) Avail: NTIS HC A0/MF A01

modes. Practical implications of this result, regarding Parametric modeling in transient wave scattering is discussed.
aspect-invariant target classification using natural resonances, are Global modeling based on the body resonances of the scattering
discussed. Author object are discussed along with two examples. The nature of the

incompleteness of global models is discussed. The concept of
N8S-11

9
1
3

# Tel-Aviv Univ. (Israel). Dept of Electrical the local model, based on ray optic methods, is introduced. Included
Engineering. is an example of local modeling. It is shown that the local model
THE HYBRID WAVEFRONT RESONANCE METHOD is an order of magnitude more parsimomous and more robust in
EHUD HEYMAN In AGARD Theoretical Aspects of Target the presence of noise, compared to the global model. It is
Classification 24 p (SEE N88-11909 03-32) Jun. 1987 concluded that the local model has a better probability of success
(AGARD-LS-152) Avail: NTIS HC AtO/MF A01 in practical target classification because of its performance in a

When observed over long periods, scattered returns from targets noisy environment. Author
illuminated by broad band signals reveal distinctive features in the
early and late time regimes. The features can be explained in N88-11917# Naval Postgraduate School, Monterey. CA.
terms of the different wave phenomena, progressive and oscillatory, INPUT SIGNAL SHAPING: K-PULSE
that are dominant dunng these respective intervals. A recently MICHAEL A. MORGAN In AGARD Theoretical Aspects of Target
developed hybnd theory has formulated the connection between Classification 16 p (SEE N88-11909 03-32) Jun. 1987
them and has provided new interpretations that did not emerge in (AGARD-LS-152) Avail: NTIS HC A1O/MF A01
earlier treatments. These interpretations can clarity issues which Classification of electromagnetic scatterers by selective mode
have arisen within the singularity expansion method (SEM), in annihilation is discussed. After providing a brief description of
particular, the adequacy of the expansion at early times. Here, historical background, the conceptual basis of this methodology is
the hybrid wavefront resonance theory is reviewed. first within the developed, followed by a theoretical explainaion of the tuchniques
vigorous context of scattenng by a circular cylinder, and then via that are employed. Some particular resonance annihilation schemes
a ray analysis of scattenng by a general (composite) object, that have been implemented and tested are illustrated. Results

Author from the tests using synthetic signals, integral equation

N88-I13s114 Deuische Forschungs- und Versuctisanstalt fuer computations and experimental transient scattering measurements

Luff- und Raumlanr, Obe-'tefafnhnten (West Germany). Inst. fuer are featured. Author

Hochfrequenztechnik.
PHYSICAL OPTICS METHOD: PREDICTION OF RADAR N88-11918# Naval Postgraduate School. Monterey, CA.
SIGNATURES NUMERICAL MODELING: FINITE METHODS
V. STEIN In AGARD Theoretical Aspects of Target Classification MICHAEL A. MORGAN In AGARD Theoretical Aspects of Target
17 p (SEE N88-11909 03-32) Jun. 1987 Classification 17 p (SEE Nn8- 1909 03-32) Jun 1987
(AGARD-LS-152) Avail: NTIS HC A10/MF A01 (AGARD-LS-152) Avail NTIS HC AfI.,- ',31

There has been increasing interest in the use of the physical Recent developments in computational methods for unboun,.i
optics method in the computation of radar signatures of complicated electromagnetic problems involving antennas am' scattering are
objects which are large compared to the wavelength. A series of considered. Emphasis is given to the numencal implementaio
ideal conducting structures for which the physical optics method of differential equation based formulations using either finite
has been successfully applied to compute the back-scattered field differences or finite elements. Elementary examples are used as
is presented. [he basic idea of physical optics following the conceptual vehicles for introducing finite element and unimoment
Huygens-Helmholtz principle is evaluated. The surface integrals techniques. The finite element boundary integral method and the
for the electromagnetic scattered field are presented and discussed, field feedback formulation are discussed. Current capabilities are
Some details of the physical optics method, when applied to demonstrated by considering some of the important research
complicated structures, are considered in the form of a short survey. results utilizing the finite methods Author
This includes the hidden surface Problem, the ability to predict
depolanzation effects for certain situations, the evaluation of the
phase integral, the extension of physical optics to treat double N88-11919# Deutsche Forschungs- und Versuchsanstat fuer
reflections, the accuracy of the geometrical model and an Luft- und Raumfahrt, Oberpfaffenholen (West Germany). Inst. fuer
estimation of the computer time. In the conclusion, some steps Hochfrequenztechnik.
for the further extension and improvement of the physical optics NUMERICAL MODELING: INTEGRAL EQUATION METHOD
method are summarized. Author V. STEIN In AGARD Theoretical Aspects of Target Classification

20 p (SEE N88-11909 03-32) Jun. 1987
N1-11911# Kassel Univ. (Germany, F.R.). Dept. of Electrical (AGARD-LS-152) Avail: NTIS HC AI0/MF A01
Engineering. A review is given of the different expressions for the
THEORETICAL ASPECTS OF TARGET CLASSIFICATION: representation of the electromagnetic fields by integrals over the
PHYSICAL OPTICS AND RADON TRANSFORM METHODS surface current. The integral equations, which mostly are used for
K. J LANGENBERG In AGARD Theoretical Aspects of Target the solution of practical problems, are discussed and the method
Classification 15 p (SEE N88-11909 03-32) Jun. 1987 of moments is outlined, where the use of pulses as basis functions
iAGARD-LS-152) Avail: NTIS HC AtO/MF A0t is emphasized. Estimations of the core storage and the computer

Target classification is set up as a multidimensional inverse time are given. Two geometrical models for the scattering structure
scattering problem for electromagnetic waves. The target is are discussed in more detail: the service patch model and the
considered to be of compact support residing in a media with wire-grid model. A list of application examples of the integral
constant wave speed. The scattered field produced by a prescribed equation method with refereices is given. Two further examples
incident field is represented by its equivalent sources in terms of are outlined in detail: computation of the radiation pattern of an
Huygens' principle: for the sake of simplicity, the inversion of this antenna mounted on a helicopter and determination of the extreme
representation of the physical optics or weak scatterer near field of a cube. Author

137



32 COMMUNICATIONS AND RADAR

N88-11920# Naval Postgraduate School. Monterey, CA. N88-19655# Communications Research Centre, Ottawa (Ontano).
EXPERIMENTS: TEST RANGE FACILITIES, PART 1 Dept. of Communications.
MICHAEL A. MORGAN In AGARD Theoretical Aspects of Target A REVIEW OF THE ROLE OF SURFACE REFLECTION IN
Classification 16 p (SEE N88-11909 03-32) Jun. 1987 MULTIPATH PROPAGATION OVER TERRESTRIAL
(AGARD-LS-152) Avail: NTIS HC A10/MF A01 MICROWAVE LINKS

A brief review is given of some of the transient electromagnetic RODERIC L. OLSEN, LOUIS MARTIN, and TERJE TJELTA
scattering ranges at U.S. universities and research facilities. The (Norwegian Telecommunications Administration Research
Transient Electromagnetic Scattering Laboratory located at the Establishment, Kjeller.) In AGARD. Terrestrial Propagation
Naval Postg'aduate School is discussed. Particular attention is Characteristics in Modern Systems of Communications.
;ivcn tc the :zie of !his ;.,ility in std:e :' t resonance Surveillance. Guidance and Control 23 p (SEE N88-19653 12-32)
target classification studies. Detailed consideration is given to Nov. 1987
measurement concepts of transient scattering, with examples given (AGARD-CP-407) Avail: NTIS HC A12/MF AOl
to illustrate the procedures and requisite signal processing that is It has long been recognized that surface reflection on overwater
involved. Author microwave radio relay paths plays an important role in causing

frequency selective muitipath fading. There is mounting
experimental and theoretical evidence that ground reflection and
scattering has an important role in producing much of the selective
multipath propagation effects on overland links. Here. both old
and new evidence is reviewed that provides some new insights

N98-1 1921# Arizona Univ., Tucson, Electromagnetics Lab. into the complex mixture of mechanisms involved. Some resulting
EXPERIMENTS: TEST RANGE FACILITIES, PART 2 implications for the design of digital rauo links are also
D. G. DUDLEY Ir AGARD Theoretical Aspects of Target discussed. Author
Classification 10 p (SEE N88.11909 03-32) Jun. 1987
(AGARD-LS-1A2) Avail: NTIS HC AAO/MF AOl

A description is given of the electromagnetic transient range N88-19656# Institut fuer Rundfunktechnik. Munich (Germany,
facility at the Lawrence Livermore Laboratory. The range design F.R.).
and the instrumentation for both time domain and broadband DEVELOPMENT OF A GROUND-CONDUCTIVITY MAP FOR THE
frequency domain measurements are discussed. Two examples AREA OF THE FEDERAL REPUBLIC OF GERMANY FROM
of experiments are given: scattering from a conducting plate and MEASURED FIELD-STRENGTH CONTOURS
transmission through an aperture in a screen. Author BERND RAUFMANN In AGARD. Terrestria Propagation

Characteristics in Modem Systems of Communications,
Surveillance, Guidance and Control 5 p (SEE N88-19653 12-32)
Nov. 1987
(AGARD-CP-407) Avail: NTIS HC A12/MF A01

N8S.19653# Advisory Group for Aerospace Research and A companson of ground conductivity values found for 14

Development, Neuilly-Sur-Seie (France). Electromagnetic Wave transmitter sites with two frequencies showed a linear relation

Propagation Panel. between the effective ground conductivity and the frequency. On

TERRESTRIAL PROPAGATION CHARACTERISTICS IN this basis all conductivity values were normalized to a frequency

MODERN SYSTEMS OF COMMUNICATIONS, SURVEILLANCE, of 1 MHz. The average ground conductivity values for each

GUIDANCE AND CONTROL transmitter were associated with four different geographical zones.

H. J. ALBRECHT, ed. Nov. 1987 269 p In ENGLISH and As there were only slight differences among the average values
FRENCH Meeting held in Ottawa, Ontario, 20-24 Oct. 1986 in three neighboring zones, the conductivity data of this area were

(AGARD-CP-407; ISBN-92-835-0434-8; AD-A194686) Avail: unified as a whole. So the final result of the evaluations was a
NTIS HC A12/MF A01 ground conductivity map with rnly two areas of different ground

New research results in surface propagation characteristics for conductivity. Detailed explanations of the methods applied in the
modern systems applications in relevant frequency ranges are developing process of the conductivity map are presented. and

discussed. Ground characteristics and their effects, diffraction and the limits of these methods as well as the statistical distribution
shadowing effects, refraction and reflection at medium boundaries, of the results obtained are discussed. Author
general system applications, special system applications, and
special experimental results are discussed. For individual titles, N88-19657# Nebraska Univ., Lincoln. Dept. 01 Electrical
see N,-rl4 thrroh -97. Engineering.

SCATTERING AND DEPOLARIZATION BY RANDOM ROUGH
TERRAIN AND VEGETATION COVERED TERRAIN-UNIFIED
FULL WAVE APPROACH
EZEKIEL BAHAR In AGARC Terrestrial Propagation

NBS-19654# Norwegian Telecommunications Administration Characteristics in Modem Systems of Communications,
Research Establishment, Kjellr. Research Dept. Surveillance, Guidance and Control 15 p (SEE N88-19653 12-32)
AN INVESTIGATION OF TERRAIN RELATED VARIABLES FOR Nov. 1987
PREDICTING THE MULTIPATH FADE DEPTH DISTRIBUTION (Contract DAAG29-82-K-0123)
ON TERRESTRIAL MICROWAVE LINES (AGARD-CP-407) Avail: NTIS HC A12/MF AOl
TERJE TJELTA, RODERIC L. OLSEN, and LOUIS MARTIN (Centre The principal elements of the full wave approach to problems
National J'Etuds des Telecommunications, Lannion, France I of scattering and depolarization by rough terrain and vegetation
In AGARD. Tuhrestrial Propagation Characteristics in Modem covered terrain are presented. Scattering by random rough surfaces
Systems of Communahions, Surveillance, Guidance and Control is considered in detail and the full wave solutions are compared
9 p (SEE N88.19653 12-32) Nov. 1987 with earlier solutions based on geometric optics, physical optics
(AGARD-CP-407) Avail: NTIS HC A12/MF AOl and perturbation theories. It is shown that since the full wave

Terrain related variables are shown to be important in an approach accounts for both specular point scattering as well as
asymptotic prediction equation for the worst month multipath fade Bragg scattering in a self-consistent manner, it resolves the
depth distribution. From a fading data base for 47 links in discrepancies between the physical optics and the perturbation
northwestern Europe, equations are developed employing up to solutions, and bridges the wide gap between them. Thus. on
six varia"les and an additional variable geoclimatic factor. The applying the full wave approach to scattering by composite random
best standard error of prediction is 2.8 dB, considerably better rough surfaces, if is not necessary to adapt a two-scale model of
than that available from other prediction methods for the same the rough surface. The analytical procedures that account for the
region A large number of variables are investigated, most of them effects of vegetation on radio wave propagation over a terrestrial
closely related to the terrain. The results suggest that terrain path are also presented. "rhe%, are based on the full wave solutions
reflections play an important role in multipath propagation. to -qftering by finitely condulting iregularly shaped objects with

Author rough surfaces. Author
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NSS-19658# Polytechnic Inst. of Brooklyn. Farmingdale, NY. N88-19662# Centre d'Electronique de I'Armement, Bruz (France).
Dept. of Electncal Engineering and Computer Science. ITES DN.
PROPAGATION IN LONGITUDINALLY VARYING DUCTS, WITH A PROGRAM FOR THE CALCULATION OF RADIO-WAVE
EMPHASIS ON GUIDING TO ANTIGUIDING TRANSITIONS TRANSMISSION LOSS OVER THE SPHERICAL EARTH AND
LEOPOLD B. FELSEN In AGARD. Terrestrial Propagation OVER OBSTACLES
Characteristics in Modern Systems of Communications, MICHEL RANGER, JEAN-LOUIS REGNIER, MARC ANDREU, and
Surveillance, Guidance and Control 7 p (SEE N88-19653 12-32) YVES LEPAPE In AGARD. Terrestrial Propagation Characteristics
Nov. 1987 in Modem Systems of Communications. Surveillance, Guidance
(Contract DAAG29-85-K-0180; F49620-85-C-0078) and Control 12 p (SEE N88-19653 12-32) Nov. 1987
(AGARD-CP-407) Avail: NTIS HC A12/MF A01 (AGARD-CP-407) Avail: NTIS HC A12/MF AOl

Recent developments in the theory of propagation in A new computer program was created to evaluate the
longitudinally varying ducts are reviewed, with emphasis on gradual radioelectric wave propagation loss around the earth in the
guiding to anti-guiding transitions that convert an initially frequency range of 30 to 40 MHz up to 10 to 12 GHz. The name
well-trapped mode field smoothly (adiabatically) into a leaky mode. of the program is CARDIF. Details of the program are glven.
The connection between the trapped and leaky mode regimes is Author
provided by a parabolic equation or, in certain cases, by an intrinsic
mode spectral integral. Numerical implementation for different
examples confirns the phenomenology predicted by the analysis NS-19663# New Jersey Inst. ot Tech.. Newark. Dept. of
and reveals the beaming of initially trapped modal energy into the ElectrIal Engineering.
extenor after the duct disappears. Some consideration is also given CORRECTING RAY FIELD FAILURES CAUSED BY FOCUSING
to incorporating these concepts into a synthesis of the field excited IN AN INHOMOGENEOUS DUCT: A CRITICAL LOOK AT THE

GAUSSIAN BEAM METHOD
by a radiating source inside the duct. Author E. NIVER, M. S. VOGAS, C. J. RUIZ. and L. B. FELSEN (Polytechnic

NBS-19659# Communications Research Centre. Ottawa (Ontario). Inst. of Brooklyn. Farmingdale. N. Y.) In AGARD. Terrestrial

Dept. of Communications. Propagation Characteristics in Modern Systems of Communications,

VHF/UHF PROPAGATION BY DIFFRACTION: CALCULATION Surveillance, Guidance and Control 11 p (SEE N88-19653 12-32)

BY NUMERICAL INTEGRATION Nov. 1987

j. H. WHITTEKER In AGARD. Terrestrial Propagation (AGARD-CP-407 Avail: NTIS HC A12/MF ACharactenstics in Modem Systems of Communications. The Gaussian beam method lGSM) was investigated for multiple

Surveillance, Guidance and Control 7 p (SEE N88-19653 12-32) reflected ray fields in a model surface duct (or equivalently, a
Nov. 1987 symmetrically excited full duct with a V-typ? refractive index profile)

(AGARD-CP-407) Avail: NTIS HC A12/MF A01 The purpose was to ascertain whether a beam stack that

The method proposed here applies approximate diffraction adequately represents the field at observation points along a

theory to a terrain model that retains most of the complexity .; particular ray segment corresponding to a certain number of

the real terrain, and finds a solution to the diffraction problem for reflections continues to be adequate along ray segments with a

each particular transmission path profile. The method is to find different number of reflections. Optimization was achieved by

the radio wave field as a function of height above each terrain numerical experiment. The optimized parameters give good

point by integrating over the field above the preceding terrain agreement, but should not be regarded as absolute. Author

point, using Huvgen's principle. The integration is done not onlyt
re direct waves, but also for earth-reflected waves. Author N8819664# Naval Ocean Systems Center, San Diego, CA

Ocean and Atmopheric Sciences Div.
NSS-19660# Eorschungsinstitut fuer Hochfrequenzphysik. REVIEW OF RECENT DEVELOPMENTS IN EVAPORATION
Werthhoven (Germany, F.(.. OUCTING ASSESSMENT
MONO- AND BISTATIC RADAR COVERAGE DIAGRAMS JUERGEN H. RICHTER In AGARD. Terrestnal Propagation
INCLUDING DIFFRACTIVE WAVE PROPAGATION Characteristics in Modern Systems of Commurncat:ons.
HEINER KUSCHEL In AGARD. Terrestrial Propagation Surveillance. Guidance and Control 9 p (SEE N88-19653 12-32)
Characteristics in Modem Systems of Communications. Nov. 1987
Surveillance, Guidance and Control 10 p (SEE N88-19653 12-32) (AGARD-CP-407) Avail: NTIS HC A12/MF A0l
Nov. 1987 Evaporation ducting is an important propagation enhancement
(AGARD-CP-407) Avail: NTIS HC At2/MF AOl mechanism over the oceans. Recent efforts have shown that the

Here, a digital terrain database, the Digital Landmass System models presently used appear adequate for statistical assessments.
IDLS). having high horizontal and vertical resolution, is used to An important correction algorithm was developed to remove
obtain optical coverage patterns, as well as physical coverage erroneously high duct heights. A new air-sea lmperature probe
plots. Physical coverage calculations are based on the is under development which is expected to improve in situ
consideration of wave propagation phenomena such as diffraction evaporation ducting assessment. Author
and refraction, using a multiple knife edge propagation model in
combination with the above mentioned terrain database. Both the
terrain model and the terrain database were venfied by NB-19665# Portsmouth Polytechnic (England). Dept. of
measurements. Author Electrical and Electronic Engineering.

IDENTIFICATION OF MICROWAVE LINE-OF-SIGHT MULTIPAtH
N8B-1961# Polytechnic Inst. of New York, Brooklyn. Center COMPONENTS
for Advanced Technology in Telecommunications. A. HEWITT, L. MARTIN, W. H. LAU, J. AUSTIN, K. H. CRAIG
A DIFFRACTION BASED THEORETICAL MODEL FOR (Science Research Council, Chifton. England ), and E. VILAR In
PREDICTION OF UHF PATH LOSS IN CITIES AGARD. Terrestrial Propagation Characteristics in Modern Systems
HENRY L. BERTONI and JORAM WA$ISCH In AGARD. of Communications. Surveillance, Guidance and Control 13 p (SEE
Terrestrial Propagation Characteristics in Modern Systems of N88-19653 12-32) Nov. 1987
Communications, Surveillance. Guidance and Control 10 p (SEE (AGARD-CP-407) Avail: NTIS HC A12/MF A0l
N88-19653 12-32) Nov. 1987 Sponsored in part by GTE Labs., Fading due to multipath propagation is frequency selective.
Inc. and the New York State Science and Technology Foundation Given a widebad measuement of the channel transfer function.
)AGARD-CP-407) Avail: NTIS HC A12/MF A01 it is of interest to estimate the delays and amplitudes of the

A theory for predicting ultrahigh frequency path loss for cellular multipath rays. Fourier techniques suffer from limited resolution
mobile radio systems in urban areas outside of the high-rise urban and sideloes. Alternative parametric methods are available and
core is presented. In such areas the buildings are of nearly uniform one, the Prony algorithm, was used in this research. The algorithm
height and form nearly parallel rows. Each row has the appearance was tested against a database of laboratory generated fades
of a cylinder lying on the ground, so that propagaion is a process involving known delays and amplitudes. The capabilities and
of diffraction past many cylinders. Using this approach, researchers limitations of the method are outlined. Results obtained using real
developed a model for predicting average path loss that is in in the field measurements are illustrated and discussed, as are
good agreement with measurements. Author the areas to which this approach is applicabe. Author
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N8-19466# Centre National d'Eudes des Telecommunications, NS8-19669# Standard Elektrik Lorenz A.G. Pforzheim (Germany.
Lannion (France). F R.).
REFRACTIVE INDEX, METEOROLOGY AND FADING IN MM-WAVE PROPAGATION AND APPLICATION IN MILITARY
LINE-OF-SIGHT TRANSMISSION PATHS [COINDICE DE COMMUNICATION SYSTEMS
REFRACTION. METEOROLOGIE ET AFFAIBLISSEMENTS SUR D. ROTHER and E. MUELLER In AGARD. Terrestnal Propagation
LES TRAJETS EN VISIBILITE) Characteristics in Mivi-, cystems of Communications,
LOUIS MARTIN, RODERIC L. OLSEN, and TERjE TJELTA Surveillance. Guidance and Control 21 p (SEE N88-19653 12-32)
(Norwegian Telecommunications Administration Research Nov. 1987
Establishment, Kjeller.) /n AGARD. Terrestrial Propagation (AGARD-CP-407) Avail: NTIS HC A12/MF AGt
Characteristics in Modem Systems of Communications, Millimeter (mm) wave character; tcs and propagation effects
Surveilla'ce. Guidance and Control 12 p (SEE N88-19653 12-32) such as atmospheric attenuation, shadowing, reflection. and the
Nov 1987 In FRENCH influence of fading on radio links are studied. System concepts
(AGARD-CP-407) Avail: NTIS HC A12/MF A01 for short range communications such as internal command post

In the development of reliable prediction methods for fixed communication are presented and discussed Author

trequency fading that would be applicable throughout a radio
transmission network, it became necessary to account for the N88-19670# Forschungsinstitut der Deutschen Bundespos.
radio~metric conditions characteristic of each region within a given Darmstadt (Germany. F.R.).
radio network. A purely meteorological method for the calculation SPACE-DIVERSITY EFFECTS ON LINE-OF-SIGHT
of the geoclimatic factor is proposed and utilized in a prediction PROPAGATION PATHS
lormula for fixed frequency fading applicable to a very unfavorable H.-G. GILOI. K. METZGER, and R. VALENTIN In AGARD

month The method is based on a simultaneous study of the Terrestrial Propagation Charactenstics in Modern Systems of

climate and propagation conditions of two link pairs situated it) Communications, Surveillance, Guidance and Control 8 p (SEE
two different climate regions Author N88-19653 12-32) Nov 1987

(AGARD-CP-407) Avail: NTIS HC A12/MF A01
The effects of space-diversity reception on the performance of

analog and digital radio-relay systems is discussed. The existing

N88-19667# Air Force Geophysics Lab.. Hanscom AFB, MA. results valid for analog systems are reviewed Some
RADIO AND RADAR HOLES AND ML1U TIPATH ZONES: THE single-frequency measurements of the dependence o1 the
GLOBAL AND LOCAL INFLUENCES ON ATMOSPHERIC improvement factor in the vertical antenna separation are
REFRACTIVE STRUCTURE AND RESULTING ADVERSE RADIO discussed. It was found that the prediction formula Proposed by
AND RADAR PERFORMANCE Abstract Only Hosoya gives a good approximation to the measured dependence
OWEN R. COTE, JAMES F. MORRISSEY, and YUTAKA IZUMI The effect of frequency selectivity of the fading was taken into
In AGARD. Terrestrial Propagation Characteristics in Modern account for a performance estimation of digital radio links
Systems of Communications. Surveillance, Guidance and Control Author
1 p (SEE N88-19653 19-32) Nov. 1987
(AGARD-CP-407) Avail: NTIS HC A12MF A01 NO8-19671# Department of Trade and Industry. London

Results from recent USAF field testing of digital radio (England). Radio Regulatory Div.
line-of-sight (LOS) and troposcatter (TROPO) radio path SOME MEASUREMENTS OF HEIGHT GAIN AT V.H.F.
performance, in which concurrent fine vertical resolution refractivity JOHN FAIRBROTHER. KEVIN A. HUGHES. and DOUGLAS M
profiles were also made. show that multipath effects on LOS and HOLDEN (GEC-Marcont Electronics Itd.. Chelmsford. England )

TROPO complement each other both performancewise and In AGARD Terrestrial Propagation Characteristics in Modern
weatherwise Maximum multipath delay is a clear propagation path Systems of Communications. Surveillance, Guidance and Control
related event in LOS and a heavy rain/thunderstorm related event 1 p SU N8-19653 12-32) Nov 1987
in TROPO Because radio holes and multipath zones occur JAGARD-CP-407) Avail: NTIS HC A12/MF A01
concurrently, being produced by the same refractive dueting layer, Some of the published work on antenna height gain is reviewed
LOS paths can be designed to minimize the occurrence of and limitations of the currently available information are highlighted
frequency selective fading at the possible expense of some Ccmparison is then made with the results of height gain
increase in non-frequency selectmve fading under strong ducting experiments undertaken in southeastern England at frequencies

conditions. Path length is less important in affecting path of approximately 95 MHz and 200 MHz The variation of height
performance than are duct layer strength and geometry. The rule gain is investigated, as is a relationship between height gain and
that maximum multipath delay goes as the third power Of path the location vanability of received field strength within a given
length is not confirmed by these measurements. Measured environmental area. Ii was suggested that within the range
maximum multipath delay on an LOS is better represented by a investigated (experiments done at 95 MHz used vertical polanzation
half-power dependence on path length. Author and path lengths varying from about 25 km to 105 kin) height

gain may be represented as n dB for each doubling of antenna
height The value o n vanes with the local environment a: :he
receiving site. Author

N88-19668# McMaster Univ.. Hamilton (Ontario).
Communications Research Lab. N88-19672# Plessey Electronic Systems Research Ltd. Romsey
THE CORRELATION BETWEEN METHODOLOGICAL AND (England)
LOW-LEVEL ANGLE-OF-ARRIVAL MEASUREMENTS ENVELOPE AND PHASE STATISTICS FOR NON-GAUSSIAN
J LITVA, P BAUMAN, and N R. FINES (Communications Research NOISE AND RESULTING ERROR PROBABILITIES FOR DIGITAL
Centre. Ottawa, Ontano I in AGARD. Terrestnal Propagation COMMUNICATIONS SYSTEMS
Charactenstics in Modern Systems of Communications, J H. ROBERTS In AGARD Terrestrial Porpagation Characlenstics
Surveillance. Guidance and Control f6 p (SEE N88-19653 12-32) in Modern Systems of Communications. Surveillance, Guidance
Nov 1987 Sponsored by Department of National Defence, and Control 15 V (SEE N88-19653 12-32) Nov. 1987
Ottawa (AGARD-CP-407) Avail: NTIS HC A12/MF A0l
AGARD-CP-407) Avail NTIS HC A12/MF AO1 It is becoming increasingly clear that the electromagnetic

Anomalous propagation can cause serious low-angle tracking environment should be given serious attention from the point of
errors Here, an investigation into the correlation between data view o its statistical characteristics when systems of
from collocated radio and meteorological expenments is described, communication, command, or control are planned. Here. statistical
The data was recorded on the Ottawa River Pnd consist of both properties of the envelope and phase are darned in a general
radio and meteorological measurements The measurements were manner. A new formula, for example, is given for the probability
earned out using a low level beacon and a iarge synthetic voerature that a noise envelope sample exceeds a sample of an envelope
antenna called a velical profiler The pnmary radio parameters of signal plus noise This is the basic statistic needed tot assessing
consist of the angles-ol-arival of the direct and multipath signals incoherently detected situations such as Or-ing or FSK In order
from the beacon The primary meteorological parameters are to apply the results to specific noise types, three types o
relatie humidity. temperature, and barometric pressure Author non-Gaussian noise are studiedi Cauchy noise, quartic noise and
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a mixture of Gaussian plus imulsove noise. It is very clear that a N88-27406# Advisory Group for Aerospace Research and
non-Gaussian noise with a distribution having a long tail can be Development, Neuilly-Sur-Seine (France).
very damaging to digital data. Author AIR-TO-AIR RADAR FLIGHT TESTING

RANDALL E. SCOTT (Test Group, 6520th, Edwards AFB, Calif
Jun. 1988 117 p

N18-19673# British Telecom Research Labs., Ipswich (England). (AGARD-AG-300-VOL-7; ISBN-92-835-04607; AD-A9,412)
Technology Applications Dept. Avail: NTIS HC A06/MF A01
THE 6 GHZ PROPAGATION MEASUREMENTS OVER A S1 KM This volume in the AGARD Flight Test Techniques Series
PATH IN THE UK describes flight test techniques, flight test instrumentation. ground
J. E. DOBLE In AGARD. Terrestrial Propagation Charactenstics simution data reduction and analysis methods used to determine
in Modern Systems of Communications. Surveillance, Guidance the performance charactenstics of a modern air-to-air (a/a) radar
and Control 8 p (SEE N88-19653 12-32) Nov. 1987 system. Following a general coverage of specification requirements
(AGARD-CP-407) Avail: NTIS HC A12/MF A01 test plans, support requirements, development and operational

For several years Brtish Telecom has operated an experimental testing, and management information systems, the report goes
6 GHz digital link over a 51 km path in the worst multipath into more detailed flight test techniques covering a/a radar
environment in the UK. Results from this link are discussed with capabilities of: detection, manual acquisition, automatic acquisibon.
particular emphasis being given to a previously unreported form tracking a single target, and detection and tracking of multiple
of cross-polar-isolation (XPI) behavior in which the XPI degrades targets. There follows a section on additional flight test
with both frequency selective and flat components of fading. Such considerations such as electromagnetic compatibility, electronic
events occur only once or twice a year in the location of the countermeasures, displays and controls, degraded and backup
experiment but emphasize the need for the development of modes. radome effects, environmental considerations, and use of
interface cancellers if co-frequency cross-polar frequency plans testb.ds. Other sections cover ground simulation, flight test
are to become viable. Author instrumentation, and data reduction and analysis. The final sections

deal with reporting and a discussion of consderations for the
future and how they may affect radar flight testing. Author

N88-19674# Commerce Dept., Boulder, CO.
AN EHF TELECOMMUNICATION SYSTEM ENGINEERING N89-11931# Advisory Group for Aerospace Research and
MODEL Development. Neuilly-Sur-Seine (France). Electromagnetic Wave
KENNETH C. ALLEN In AGARD. Terrestrial Propagation Propagation Panel.
Characteristics in Modern Systems of Communications. MEDIA EFFECTS ON ELECTRONIC SYSTEMS IN THE HIGH
Surveillance. Guidance and Control 15 p (SEE N88-19653 12-32) LATITUDE REGION
Nov, 1987 Sep. 1988 225 p Lecture senes held in Ottawa, Ontario,
(AGARD-CP-407) Avail: NTIS HC A12/MF AOl 29-30 Sep. 1988. in Geilo, Norway, 24-25 Oct. 1988. and in London.

An extremely high frequency telecommunication system United Kingdom. 27-28 Oct. 1988
engineering model (ETSEM) was developed as an aid in the design (AGARD-LS-162 ISBN-92-835-0478-X AD-A202423) Avail.
of line-of-sight (LOS) communication systems from 10 to 100 GHz. NTIS HC A10/MF ACt
ETSEM provides tabulation of path geometry parameters and The lecture series directs its attention to propagation problems
analyzes ray path and Fresnel zone clearances to help the engineer and solutions for many systems. The topics include satellite
design the path. ETSEM also predicts the performance (availability) communications over polar and auroral latitudes, over-the-horizon
of both digital and analog systems based on state-of-the-art EHF radar, low frequency propagation under high latitude conditions,
propagation models and equipment specifications. Attenuation by remote sensing of targets and high latitude regions by active and
r,,n, clear air absorption ano multipath are modeled. I nese are passive EM systems and HF communications at auroial and polar
expected essentially to determine the statistics of link availability latitudes Unique lower ninospheric effects and multipath problems
as limited by propagation impairments Performance may be of importance at high attudes are discussed For individual tMles.
predicted by any interval of months of the year. A climatological see N89-11932 through N89-1 1941.
data base for North America and Europe provides parameters for
the propagation models. ETSEM has been imple,.ented on a desk N89-11932# Army Communications-Electronics Command, Fort
top ccrmputer. Weaknesses and limitations of the model are Monmouth, NJ Center for C3 Systems.
discussed Author MEDIA EFFECTS ON ELECTRONIC SYSTEMS IN THE HIGH

LATITUDE REGION
HAIM SOICHER In AGARD. Media Effects on Electronic Systems

N8-19675# Rennes Univ. (France) Dept Antennes. in the High Latitude Region 3 p (SEE N89-11931 03-32) Sep
A PROPAGATION CAMPAIGN IN A MARINE ENVIRONMENT 1988
UTILIZING A DIGITAL SYSTEM AT 36 GHZ JUNE CAMPAGNE (AGARD-LS-162) Avail: NTIS HC A1O/MF A01
DE PROPAGATION EN MILIEU MARITIME, UTILISANT UN Modern technology and state-of-the-art research will permit
SYSTEME NUMERIOUE A 36 GHZI communications, navigation, and surveillance systems to adapt to
YVONICK HURTAUD and ALAIN JUNCHAT (Centre d'Electronique the complex and rapidly changing medium. However, such
de i'Armement. Bruz. France) In AGARD. Tefrestrial Propagation adaptability depends to a large extent on: improvement of prediction
Characteristics in Modern Systems of Communications. ,f auroral, ionospheric and magnetic disturbances; understanding
Surveillance. Guidance and Control 14 p (SEE N88-19653 12-32) of the mechanisms responsible for the formation of ionospheric
Nov. 1987 In FRENCH inhomogeneties and the propagation related effects; obtaining the
(AGARD-CP-407) Avail: NTIS HC A12/MF A01 long-term data base; and maintaining real time information flow

A propagation study in a maritime environment that took place on the naturi electromagnetic and particle radiation background
at tIe end of 1984 on the French Atlantic coast is discussed An Author
8.448 Mbit/s system working at 36 GHz was used. This experiment
studied the attenuation at 36 GHz caused by rai b-havior as N89-11934# Northwest Research Associates, Inc.. Bellevue,
well as the behavior of the digital link. In order to know the sea WA.
state, a buoy with a swell sensor was anchored close to the TRANSIONOSPHERIC PROBING AND PROPAGATION
line-of-sight (LOS). It provided the height of waves. The distribution E. J. FREMOUW In AGARD. Media Effects on Electronic Systems
of the rain drop size measured by the spectropluviometer showed in the High Latitude Region 23 p (SEE N89-11931 03-32) Sep
good agre-tment with the distributions of Marshall Palmer and Joss. 1988
at al. Specific attenuation was calculated using these distributions (AGARD-LS-162) Avail: NTIS HC A10tIMF A01
and Mie theory. For selected periods, the whole attenuation of The propagatn of radio waves through the ionosphere is
the link is forecast and compared to the experimental values The necessary for the operation of many C(3)1 systems. The aspects
digital transmission analysis reveals that the link quality .rrn.v.gly of magnetoionic theory that relate to transionosphenc probing are
depends on the sea state. When the sea is quiet, the reflection discussed, dispensing rather quickly with the bulk-ionosphere
of a part of the incident energy on the water oisturbs the link with effects and concentrating on the effects of spatially irregular total
the tide Author electron content and scintillation. Regarding the latter, the signal
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statistics of scintillation and the channel parameters that descnbe NOO-11939# Northwest Research Associates, Inc., Bellevue,
those statistics are discussed. The geophysical parameters needed WA.
to characterize the plasma-density irregularities that produce SATELLITE IN-SITU PROBING
scintillation are considered. The focus in this regard is the E. J. FREMOUW In AGARD, Media Effects on Electronic Systems
application to user-oriented computer models. In addition to the in the High Latitude Region 10 p (SEE N89-11931 03-32) Sep.
foregoing. the expenmental techniques used to employ scintillation 1988
as a diagnostic tool and the radio sources available for (AGARD-LS-162) Avail: NTIS HC A10/MF A01
transionosphenc probing are discussed. Author Of those various media that affect radio propagation, the one

that can be probed in situ by means of satellites is the ionosphere.
The portion of the ionosphere that can be so probed repeatedly

N89-11935# Hamburg Unm. (Germany. F.R.). Meteorological over long periods of time is the F layer. Phenomena that affect
Inst. and/or can be sensed in the F layer are discussed. Specifically,
GROUND/LOWER ATMOSPHERIC CONSIDERATION techniques for, and some recent results on, the two major
H. JESKE In AGARD. Media Effects on Electronic Systems in phenomena identified as affecting the high-latitude ionosphere.
the High Latitude Region 22 p (SEE N89-11931 03-32) Sep. particle precipitation and its resulting ionization and ExB drift and
1988 the plasma-density ir-egularities that result therefrom. especially
(AGARD-LS-162) Avail: NTIS HC A10/MF A01 those that produce radiowave scintillation are reviewed. Regarding

The ground-wave propagation of electromagnetic waves in the particle precipitation, attention is confined to electrons in the range
frequency range below 30 MHz is especially influenced by the of a few tens of eV to a few tens of keV, excluding other species
ground characteristics (electrical constants, roughness, obstacles) and energies that produce ionization lower that the E layer.
along the path. For frequencies above 30 MHz the main propagation Upwelling electrons and the question of balance between currents
mechanisms are determined by the vertical stratification of the flowing into and out of the ionosphere, insofar as they can be
refractive index in the lowest part of the non-ionized atmosphere. sensed on board a satellite in the F layer are considered. Thus.
The effects are hardly ,aquency-dependent. The characteristics we shall consider measurement of the magnetic field, especially
of the involved media (ground atmosphere) and their influences the local perturbation field. We'll also indicate the utility of optical

on electromagnetic wave propagation are discussed with special remote sensing, in the form of imaging from a platform in the F

emphasis to anomalies due to the complex environment of polar layer, for providing a plan view related to point measurements on
regions. Author the platform. Primarily we'll consider in-situ measurements of the

F-layer thermal plasma, mainly its electron and total ion density.
temperature, and drift, giving little attention to the identification of

N-11936# Communications Research Centre, Ottawa (Ontario). ion species. Accordingly, we'll briefly rewew the measurement
principles of the Langmuir probe, the retarding-potential analyzer.

Radio Propagation Lab. and the ion drift meter. Our consideration of the in-situ electric
HF COMMUNICATIONS AND REMOTE SENSING IN THE HIGH field will be limited primarily to the d.c. convection field, but it will
LATITUDE REGION include structure therein. By way of example, we'll describe inJOHN S. BELFOSE In AGARD, Media Effects on Electronic some detail the complement of instruments on board the DNA
Systems in the High Latitude Region 42 p (SEE N89-11931 HiLat and Polar BEAR satellites and results therefrom. Author
03-32) Sep. 1988
(AGARD-LS-162) Avail: NTIS HC AIO/MF A01 N89-11940# Centre National de Is Recherche Scientifique.

Media effects on high frequency communications are discussed. Verrieres-Le Buisson (France).
High latitude disturbance zones and magnetic coordinates; the INCOHERENT/COHERENT SCATTER
propagation media in the high latitude region; ground effects; radio P. BAUER In AGARD, Media Effects on Electronic Systems in
noise and interference; results of high frequency communications, the High Latitude Region 17 p (SEE N89-11931 03-32) Sep
direction finding, surveillance and remote sensing at high latitudes; 1988
transionospheric high frequency propagation: and over-the-horizon (AGARD-LS-62) Avail NTIS HC AIO/MF AO1
radar are discussed. Author Coherent and Incoherent VHF and UHF radars provide a means

for studying, in three dimensions, some of the basic physical
properties of the atmosphere (from the troposphere up to the

N89-11937# Centre National de Is Recherche Scientifique, thermosphere) and of the ionosphere. The term coherent refers
Verrieres-Le Buisson (France). here to pulse phase coherent integration of the scattered radar
H. F. RADAR PROBING (INCLUDING MODIFICATION) signals. This technique is applicable whenever the scattenng
P, BAUER In AGARD. Media Effects on Electronic Systems in process is stationary over the interpulse period. 1t is the case for
the High Latitude Region 15 p (SEE N89-11931 03-32) Sep. the scattering cf electromagnetic waves arising from turbulent
1988 atmospheric fluctuations and from ionospheric irregularities. On
(AGARD-LS-162) Avail: NTIS HC AIO/MF A01 another :and, incoherent integration has to be used when the

At high magnetic latitudes (auroral and polar regions), (he scattering occurs from plasma thermal fluctuations in the
ionospheric plasma is governed by the geometry of the magnetic ionosphere. Mesosphere - Stratosphere - Troposphere (MST)
field, the experience of particle precipitations (from 100 MeV solar coherent radars give access to atmosphenc dynamics (wind and
protons to keV electrons), large and small scale convection electric turbulence). Aspect sensitive coherent radars allow one to map
fields, and strong atmosphere/ionosphere coupling processes. As the ionospheric electric field and to charactenze E region plasma
a result, the various forms of free energy sources feed the growth instabilities, whenever such instabilities are sufficiently developed
of plasma instabilities which through nonlinear mechanisms lead Incoherent scatter radars provide three dimensional measurements
to a turbulent cascade of ionospheric inhomogeneities from the of the electron and ion temperatures, of the electron concentration
regional scale of the ion larmor radii. The scales of the irregularities and of the ion drift vector over the whole ionosphere Author
encompass the wavelength ranges of HF systems, thus providing
natural targets for HF radars. While highly horizontally stratified in N89-11941# Royal Norwegian Council for Scientific and Industrial
the D and E layers, the targets are essentially aligned along the Research, Kieller. Environmental Surveillance Technology
magnetic field in the F region. HF radar techniques making use of Programme
these properties include partial reflection systems (0 and lower E PROPAGATION MEDIUM ADAPTIVE TECHNIQUES FOR
region). E region auroral radars. F region auroral and polar radars. ADVERSE COMMUNICATIONS AND FOR REMOTE SENSING
These techniques characterize: the irregularities and the underlying DAG T. GJESSING In AGARD. Media Effects on Electronic
instabilitins, the high latitude plasma convection, and the middle Systems in the High Latitude Region 19 p (SEE N89-11931
atmosphere motions (gravity waves and tides). A better 03-32) Sep. 1988
understanding o1 the basic plasma processes is also provided by (AGARD-LS-162) Avail: NTIS HC A1O/MF A01
HF ionosphere modification experiments performed from the D up In general terms, an object probed by electromagnetic waves
to the F region through the excitation of resonant frequencies an be characterized by the distribution of scatters along and
and through the local change macrozcopic properties such as the transve'se to the propagation direction, the chemical surface
electron temperature or the electron density Author structure of the object, the surface temperature and the motion

142



32 COMMUNICATIONS AND RADAR

pattern. A unified set of first order expressions derived from basic N89-17712# Royal Signals and Radar Establishment. Malvern
physical principles characterizing the scattering object is presented. (England).
From these it is shown how the propagation medium affects the MARKOV RANDOM FIELDS: A STRATEGY FOR CLUTTER
results of the various remote sensing techniques. In exactly the MODELLING
same way the factors which characterize the propagation medium STEPHEN P. LUTTRELL In AGARD. Scattering and Propagation
in relation to communications are derived. It is shown that in in Random Media 8 p (SEE N89-17706 10-31) Mar. 1988
regard to the influence of the propagation medium, the problems (AGARD-CP-419) Avail: NTIS HC A23/MF A01
related to communications are very much unified with those of The need for models of image texture (or clutter) are briefly
remote sensing. Author reviewed. The use of detailed physical models is prohibited by

the difficulty of characterizing the scatterer distribution and the
scattering process which cause the texture, and so

N89-17709# Polytechnic Univ., Farmingdale, NY. Dept. of phenomenological modeling is used. It is proposed that certain
Electrical Lncineenng. statistics of the image be measured, and that synthetic imagesGEOMETIcAL THEORY OF DIFFRACTION FOR which are consistent with these measurements be generated by a
HIGH-FREQUENCY COHERENCE FUNCTIONS IN WEAKLY Monte Carlo method - this allows the need for further statistics to
RANDOM MEDIUM WITH INHOMOGENEOUS BACKGROUND be tested. The relationship of this scheme to the well-known
PROFILE maximum entropy method for constructing least commital
R. MAZAR and L. . FELSEN In AGARD, Scattering and probability distributions is pointed out. Furthermore it is shown
Propagation in Random Media 16 p (SEE N89-17706 10-31) Mar. how a Markov random field model is generated by this process,
1988 Finally, some methods are suggested for selecting useful statistics.

(Contract F49620-85-C-0028) which are demonstrated by analyzing a synthetic aperature radar
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 image of a wood and a sonar image of the sea bed. Author

The localization of high-frequency wave propagation around N89-17713"# Texas Univ., Arlington. Wave Scattering Research
ray trajectories, and the reflection and (or) diffraction of these Center.
local plane wave fields by boundaries. inhomogeneities, and (or) A SCATTERING MODEL FOR FORESTED AREA
scattering centers was combined via the Geometrical Theory of M. A. KARAM and A. K. FUNG In AGARD. Scattering and
Diffraction (GTD) into one of the most effective means of analyzing Propagation in Random Media 9 p (SEE N89-17706 10-31) Mar.
high-frequency wave phenomena in complex deterministic 1988
environments. These constructs are incorporated into a stochastic (Contract NAG9-115)
propagation and diffraction theory for statistical moments of the (AGARDCP-419) Avail: NTIS HC A23/MF A01 CSCL 13B
high-frequency field in a weakly fluctuating medium with A forested area is modeled as a volume of randomly oented
inhomogeneous background profile. Canonical problems with and distributed disc-shaped, or needle-shaped leaves shading a
deterministic GTD furnish the propagators and the local reflection, distribution of branches modeled as randomly oriented finite-length.
refraction. and diffraction coefficients that relate incoming and dielectric cylinders above an irregular soil surface Since the radii
outgoing wavefields. The major analytical building blocks include of branches have a wide range of sizes, the model only requires
propagators descnbed in local coordinates centered on the GTD the length of a branch to be large compared with its radius which
ray trajectories in the deterministic inhomogeneous background may be any size relative to the incident wavelength. In additon,
environment: multiscale expansions in these coordinates, to chart the model also assumes the thickness of a disc-shaped leaf or
and solve for the propagation properties of statistical measures of the radius of a needle-shaped leaf is much smaller than the
the parabolically formulated ray fields; Kirchoff or physical optics electromagnetic wavelength. The scattering phase matnces for
(PO) approximations, generated by GTD incident fields, to establish disc, needle, and cylinder are developed in terms of the scattering
initial conditions for fields reflected from extended smooth surfaces; amplitudes of the corresponding fields which are computed by
and point scatterer solutions to establish GTD initial conditions the forward scattering theorem. These quantities along with the
for small scatterers and edges. Author Kirchoff scattering model for a randomly rough surface are used

in the standard radiative transfer formulation to compute the
backscattering coefficient. Numerical illustrations for the

NS9-17710# Colorado School of Mines. Golden. Center for backscattering coefficient are given as a function of the shading
Wave Phenomena, factor, incidence angle, leaf orientation distribution, branch
MULTIPLE SCATTERING FROM ROUGH SURFACES orientation distribution, and the number density of leaves. Also
JOHN A. DESANTO In AGARD. Scattering and Propagation in illustrated are the properties of the extinction coefficient as a
Random Media 10 p (SEE N89-17706 10-31) Mar. 1988 function of leaf and branch orientation distributions. Compansons
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 are made with measured backscattering coefficients from forested

A review of multiple scattering theories is presented with areas reported in the literature. Author
specific application to scattering from rough surfaces. This includes
the limitations, advantages, and range of validity of both traditional N89-17715# Pennsylvania State Univ, University Park. Dept.
methods such as the Kirchoff and perturbation methods as well of Electrical Engineering.
as a discussion of modern methods. The latter include the THE ENHANCEMENT EFFECT OF THE BACKSCATTERED
connected diagram method (integral equations), the smoothing INTENSITY IN A RANDOM MEDIUM
method, the stochastic Fourier transform approach, and the spectral C. C. YANG and K. C. YEH (Illinois Univ., Urbana.) In AGARD,
method. The former two methods have an analog in the theory of Scattering and Propagation in Random Media 11 p (SEE N89-1 7706
wave propagation in random media. The latter method is analogous 10-31) Mar. 1988
to a method developed for scattering from periodic surfaces. The (Contract NSF ATM-83-12175 NSF ECS-83-11345)
modern mathematical approach to these problems is stressed. In (AGARD-CP-419) Avril: NTIS HC A23/MF A01
this approach the exact stochastic integral equations are used to A wave gradually loses its coherence while propagating in a
develop equations on averages of the field quantities. The two random medium. This is because the wave experiences
most prominent equations are the Dyson equation on the first decorrelation along a propagation path that has uncorrelated
moment of the field, and the Bethe-Salpeter equation on the second irregularities. If, however, different parts of the propagation path
moment. For homogeneous surface statistics, the former yields have correlated irregularities, the decorrelation of the wave will
the coherent specular scattering, and the latter yields the incoherent not proceed as rapidly as otherwise. This effect is most prominently
scattering. Formally. both can be expressed exactly in the sense manifested in the case of backscattering where the return wave
that all orders of multiple scattering are included, but, in order to propagates through the same irregularitiq as the outgoing wave
be solved, must be approximated, The Dyson equation was solved The average backscattnnj tensity can be shown to be higher
in lowest order approximation and illustrates the necessity of using than that expected from a wave propagating over a path equal to
multiple scattering techniques to describe coherent scattering. The the round tnp distance but through uncorrelated irregularities. This
situation with the Bethe-Salpeter equation, however, is not nearly phenomenon is known as the enhancement effect. This
so well understood, and the difficulty of finding approximation enhancement effect is clearly revealed when the receiver is moved
techniques for this equation are discussed. Author ever closer to the transmitter. As the separation between the
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recever and the transmitter is reduced, the average scattered derived using the weak refractive turbulence approximation.
intensity will increase and reaches a peak when the receiver is Excellent agreement is found. Further. probability density functions
co-located with the transmitter. If the wave statistics are in the appear to be; respectively, tognormal (amplitude) and Gaussian
saturation regime, this maximum increase amounts to a doubling (phase difference), as expected from application of the central
of the average intensity. The enhancement effect is examined limit theorem. Interesting meteorological observations and their
under various conditions. There can be backscattering from random millimeter wave signatures will also be presented, Author
irregulanties themselves or from a deterministic scatter. The
difference between weak and strong scattering is distinguished. N89-17723# Forschungsinstitut der Deutschen Bundespost.
The effects produced by various power spectral functions from Darmstadt (Germany, F.R.).
the random medium are also considered. Author A PRECIPITATION SCATTER EXPERIMENT AT 30 GHZ

HEINZ SCHMIEDEL and ALFRED OCHS In AGARD. Scattenng
N89-17717# Royal Signals and Radar Establishment. Malvern and Propagation in Random Media 8 p (SEE N89-17706 10-31)
(England). Mar. 1988
HIERARCHICAL SCATTERING MODELS (AGARD-CP-419) Avail: NTIS HC A23/MF A01
E. JAKEMAN In AGARD, Scattering and Propagation in Random An experiment was initiated to study scattering of microwaves
Media I t p (SEE N89-17706 10-31) Mar. 1988 at 30 GHz from precipitation, which is of importance in interference
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 analysis and system coordination. The measurements are made

The most familiar descriptor of multi-scale structure in in a bistatic configuration with transmit and receive sites separated

continuous scattering media is the power law spectrum which by some 25 km. The propagation paths are run in a vertical plane
characterizes hierarchical or fractal behavior. The mathematical containing the two terminal sites. Four transmitters are operated
and phenomenological implications of adopting such models in at different fixed elevations, one receiver is connected to a fixed
scattering calculations will be discussed with particular reference antenna, a second one to a steerable antenna. Thus a total of
to the statistical properties of amplitude scintillation generated by eight main-beam intersections are formed, from which precipitation
a phase changing screen or diffuser. A brief summer of results scatter can be received under different scatter angles and at
obtained when the phase itself is a Gaussian random fractal will different heights up to 10 km. Both, horizontally and vertically
be followed by a more detailed review of the case when the polarized signals are measured. In addition, a line-of-sight link
phase gradient is fractal. This last model is not only more realistic and a rain-scatter link are operated at 30 and 11 GHz for the
for fluid systems subject to diffusive or other smoothing effects, purpose of comparison. To study precipitation scattering in a
but is also amenable to mathematical and numerical analysis. The situation close to those of actual communication links, a further
geometrical optics contribution to the scattered intensity pattern is 100 km path is run at 30 GHz. The main objectives of the
particularly easy to calculate and a number of results for the experiment are: studies of direct relevance to system design and
statistics of ray density fluctuations will be presented. Author coordination (tong term statistics of transmission loss in various

interference configurations, significance of backscatter in relation
N89-17719# Illinois Univ.. Urbana-Champaign. to forward scatter, influence of the melting layer, scattering from
SPACE-TIME STATISTICS OF WAVES PROPAGATING ice crystals up to a height of 10 km, and power density spectra
THROUGH A DEEP PHASE SCREEN and fading rate of the scattered signal); and studies of physical
S. J. FRANKE and C. H. LIU In AGARD. Scattering and processes relevant to the precipitation scatter. The experimental
Propagation in Random Media 16 p (SEE N89-17706 10-31) Mar. set-up is described and first results of the measurements will be
1988 given. Author
(AGARD-CP-419) Avail: NTIS HC A23/MF A01

Wave propagation through a deep phase screen is studied in N89-17724# National Telecommunications and Information
which the properties vary randomly both with time and space. Administration, Boulder. CO.
Two approaches will be discussed, One is analytical, the other OBSERVED PHASE DELAY THROUGH RAIN AT 96 GHZ
involves numerical simulation. In the analytical approach, asympotic KENNEl'H, C. ALLEN In AGARD, Scattering and Propagation in
expressions for the space-time correlation functions of the wave Random Media t p (SEE N89-17706 10-31) Mar 1986
field are derived for the case of Gaussian random irregularities. (AGARD-CP-419) Avail: NTIS HC A23/MF AO
For the simulation approach, general prescribed space-time random Observations of phase delay through rain at 96 GHz are
variations of irregularities are generated and used to represent a presented. The results are pertinent for target identification when
time varying phase screen. This technique can be used to model relative amplitude and phase information are used from circularly
a screen with a power law type of irregularity spectrum. Numerical polarized radar returns. At the transmitter site, a 9.6 GHz source
propagation code is then used to compute the wave fields at the was vertically polarized and a 9.1 Ghz source was nghthand
reception plane from which statistics will be calculated. The circularly polarized. A single local oscillator phased locked both
relations between the statistics of the wave fields and the sources. At the receiver site, 1050 m away, the local oscillator
space-time vanations of the medium will be discussed. Applications was phase locked to the received 9.6 GHz signal. Both left- and
of the results will be discussed. Author right-hand circular polarizations at 96.1 were received using

separate antennas. The phase of each polarization at 96.1 GHz
N89-17720# National Oceanic and Atmospheric Administration, was measured relative to the 9.6 GHz reference. This allowed the
Boulder, CO. Wave Propagation Lab. examination of the behavior of the differential phase delay of the
LINE-OF-SIGHT MILLIMETER WAVE PROPAGATION circular polarizations. Author
CHARACTERISTICS
S. F CLIFFORD. R. J. HILL, R. B. FRITZ, R. A. BOHLANDER, N89-17725# Technische Hogeschool, Delft (Netherlands)
and R. W. MCMILLAN (Georgia Inst. of Tech., Atlanta.) In AGARD, Faculty of Electrical Engineering.
Scattering and Propagation in Random Media 7 p (SEE N89-17706 FM-CW RADAR REMOTE SENSING OF HYDROMETEORS
10-31) Mar. 1988 L. P. LIGTHART and J. S. VANSINTTRUYEN In AGARD,
(Contract MIPR-122-85) Scattering and Propagation in Random Media 15 p (SEE N89-17706
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 10-31) Mar. 1988

From 1983 to 1985 a team of scientists from NOAA's Wave (AGARD-CP-419) Avail: NTIS HC A23/MF A01
Propagation Laboratory and Georgia Institute of Technology In order to investigate phenomena influencing co-polar
conducted an extensive set of millimeter wave propagation attenuation and cross-polar discrimination along earth-space
measurements. In five. thirty-day sessions, chosen for the widest satellite paths and terrestrial radio links at frequencies above 10
variety of weather conditions, millimeter wave frequencies from GHz, the number density, geometry, and orientation of
116 to 230 GHs were propagated over a 1.4 km horizontal path hydrometeors (rain, snow, hail, melting particles) along the path
in Flatville. Illinois. Simultaneous, extensive measurements of the have to be characterized. The modeling of the melting process.
meteorology allowed a detailed comparison of the propagation the dielectric properties of melting particles, and fall velocity
characteristics with the current state of the atmosphere. The behavior of hydromeleors for Doppler velocity computation with
observations of millimeter wave propagation characteristics during vertically pointing radars are described. Attention is paid to
clear air and sever weather are reported. Amplitude and phase backward scattering of ellipsoidal hydrometeors for radar
spectra for propagation in clear air are compared with theory polarimetry computations at arbitrary elevation angles, and to
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forward scattering of spherical hydrometeors for attenuation VHF band and thus offering itself for delta M through delta f
computations at high frequencies. The multi-parameter FM-CW measurements. Author
radar system is able to measure the polarization properties and
Doppler velocity spectra of hydrometeors with high resolution in
range and reflectivity level. Preliminary results obtained with this N8-17729# Royal Signals and Radar Establishment Malvern
radar system are shown, indicating the capabilities of combined (England).
Doppler- and polarimetry measurements for classification of I-BAND MULTIPATH PROPAGATION OVER THE SEA
hydrometeors along a satellite path. Author SURFACE

C. J. BAKER and K. D. WARD In AGARD, Scattering and
N11-17726# Thomson-CSF, Velizy (France). Centre Propagation in Random Media 5 p (SEE N89-17706 10-31) Mar.
d'Applications Radars. 1988

MODELING OF ELECTROMAGNETIC WAVE AND SEA (AGARD-CP-419) Avail: NTIS HC A23/MF A01
SURFACE INTERACTION [MODELISATION DE L'INTERACTION A seres of measurements are summanzed which were aimed
ENTRE UNE ONDE ELECTUOMAGNETIOUE ET LA SURFACE at studying the phenomenon of mulftipath resulting from line of
DE LA MER] sight, two way, microwave propagation over the sea surface. ItMICHEL FOURNIER In AGARD, Scattering and Propagation in was observed that the expected dobing structure, due to the
Random Media 14 p (SEE N89-17706 10-31) Mar. 1988 In interference of the direct and reflected signals is destroyed when
FRENCH the sea surface becomes sufficiently rough, suggesting the
(AGARDCP-419) Avail: NTIS HC A23/MF A01 coherent part of the forward scattered sea reflection to be zro.

The EM systems parameters and signal characteristics used in Further it was observed that although the pulse by pulse
connection with ocean surface effects are reviewed. Hydrodynamic fluctuations show deep fading characteristics they may be modeled
and stactiith oenes of th e etsae ied Hy rom flutua Rioe-squared dshodefdion. However, it was found that care
spectral representations are covered. Finally, available models of must be taken in choosing the duration of the measurement when

EM wave and ocean surface interactions are also reviewed. These evaluating the statistical properties of the data. Author

models consist of perturbation theory for EM waves which are
large with respect to ocean waves, physical optics techniques for N89-17730# Rennes Univ. (France). Dept. Antennas.
small EM wavelengths and a combination of both when EM and MEASUREMENT AND MODELING OF 36 GHZ SEA REFLECTION
ocean wavelengths are of the same order. Author PHENOMENA [ETUDE EXPERIMENTALE ET MODEUSATION

DU PHENOMENE DE REFLEXION SUR LA MER A 36 GHZI
N89-17727# Memorial Univ. of Newfoundland, Saint Johns. YVONICK HURTAUD, CLAUDE TERRET, JEAN-PIERRE DANIEL,
Faculty of Engineering and Applied Science. and ALAIN JUNCHAT (Centre d'Electronique de I'Armement Bruz,
ROUGH SURFACE PROPAGATION AND SCATTER WITH France ) In AGARD, Scattering and Propagation in Random
APPUCATIONS TO GROUND WAVE REMOTIF SENSING IN AN Med!ib '4 p (SEE N89-17706 10-31) Mar. 1988 In FRENCH
OCEAN ENVIRONMENT (AGARD-CP-419) Avail: NTIS HC A23/MF AOl
JOHN WALSH and SATISH K. SRIVASTAVA In AGARD, During the 1984 autumn, a measurement campaign of the
Scattering and Propagation in Random Media 15 p (SEE N89-17706 propagation of electromagnetic waves at 36 GHz was conducted
10-31) Mar. 1988 Sponsored by Canadian Dept of National on the French Atlantic coast near Lorient. The length of the link
Defence and Natural Sciences and Engineering Research Council between the transmitting site, located on the isle of Groix and the
of Canada receiving site at Gavres, was 9.7 km. Owing to the small height
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 of the antennas, a part of the emitted energy was reflected by

Some properties of the vector integral equation representing a the sea surface. At the reception point, the fields coherent
general formulation for propagation and scattering from rough interference produced by the direct and reflected radiations, gave
surfaces are discussed. It is shown that under certain conditions a signal varying periodically with the influence of the tides. In
the equation may be reduced to a Volterra equation of the second order to study the specular reflection phenomena over the sea,
kind in the normal component of the surface field for an initially specific measurements were made with the help of an elevator. It
unexcited surface, and hence some confidence may be had in a allowed the height of the receiving antenna to change on a distance
Neumann series or successive approximation. Using the of about 5 meters, maintaining that way, at the same time, steady
formulation, the backscattered field solutions at ground wave environmental conditions. Thanks to this device. the forward
frequencies and resulting radar cross section solutions derived specular reflection coefficient, at a frequency of 36 GHz could
previously for a model of the ocean surface are presented and then be determined. The measurements which were made, proved
discussed. The source assumed is a vertical pulsed dipole. The the good agreement between then and the theory, especially in
choice of receiving antenna is left arbitrary. The second-order the case of strong roughness. Following these results a model of
cross section contains terms in addition to those provided by propagation based on specular reflection was developed to be
existing theories. The additional terms may become very significant compared with the measurements. In some particular
in certain Doppler frequency regions and hence required for ocean meteorological situations, a distortion of the interference figures
clutter estimation in the detection of certain types of surface targets. can be observed, due to variations of the atmospheric structure.
Some of the predictions were verified experimentally. Author Author

NWS-17725# Thessloniki Univ. (Greece). Dept. of Electrical
Engineering. N89-17731# Naval Research Lab., Washington. DC. Ionosphenc
WAVE-TILT SOUNDING OF TROPOSPHERIC DUCTS ABOVE Effects Branch.
THE SEA RANDOM PROPAGATION THROUGH THE LONGWAVE
D. P. CHRISSOULIDIS and E. E. KRIEZIS In AGARD, Scattering CHANNEL
and Propagation in Random Media 12 p (SEE N89-17706 10-31) F. J. KELLY, F. J. RHOADS, and M. D. ANDREWS (Interlerometrics
Mar. 198 Inc., Vienna. VA.) In AGARD, Scattering and Propagation in
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 Random Media 27 p (SEE N89-17706 10-31) Mar. 1988

The possibility to detect tropospheric ducts above the sea (AGARD-CP-419) Avail: NTIS HC A23/MF AOl
through airborne wave-tilt measurements is investigated. Sea The fongwave propagation channel in the earth-ionosphere
roughness and tropospheric refractivity anomalies associated with waveguide has many characteristics of a random medium. The
the presence of ducts are incorporated in an iterative procedure lower surface of the waveguide is sometimes rough or smooth
resulting in wave-tilt versus frequency diagrams at some attitude depending on the propagation path considered. The ionospheric
above sea level. In general, the diagram correpondng to ducting boundary is significantly perturbed by sudden events during both
conditions appears sifted by delta I with respect to the diagram of daytime and nighttime. The polar-arctic regions of the world
the standard troposphere. This frequency shift is rather insensitive evidence these effects in a striking manner and require different
to variations of sea state, duct thickness, and optimum coupling statistical treatment. Recent observation of longwave fields in the
height. It is though strongly dependent on duct intensity, delta M. arctic will be described and their degree of agreement with
The diagram of delta f vs. delta M is not far from linear in the statistical predictions displayed. Author
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N89-17732# National Telecommunications and Information these efforts is the reliable prediction of microwave radio
Administration. Boulder, CO Inst. for Telecommunication performance on any specified link. The ideal channel simulator is
Sciences. one that operates at RF. operates under computer control. is
MODELING OF WIDEBAND HF CHANNELS dynamic, stimulates both minimum and nonminimum phase
MARTIN NESENBERGS In AGARD. Scattering and Propagation distortions, and has a dual channel capability for the comparative
in Random Media 16 p (SEE N89-17706 10-31) Mar. 1988 evaluation of space and frequency diversity radios. Significant
(AGARO-CP-419) Avail: NTIS HC A23/MF A0t parameters of this ideal simulator should be based on a model

Laboratory simulation of wideband high frequency (HF) system that was validated through propagation measurements on different
performance is currently not possible because such simulators do representative paths. Although much progress was made, a number
not exist. Moreover. there are no validated HF channel models of issues remain. The work in the area of channel simulation.
for bandwidths of the order of one megahertz. on which to base propagation measurements, and modeling is described. Together
the simulator design. Additive distortions, namely noise and with channel measurement programs currently underway, this work
interference, in the HF band are briefly reviewed. An introduction should be helpful in the resolution of many of the remaining
and an appraisal of past narrowband HF models are presented: issues. Author
their background, validation tests, and the NTIA/ITS development
of the Wafterson's simulator. That laboratory tool, judged best by N89-17735# Emmanuel Coll., Boston, MA.
many, works in real time and offers accurate representations of STRUCTURES OF DENSITY AND VELOCITY FLUCTUATIONS
HF channel bandwidth up to 10 or 12 kHz. In the present study IN THE AURORAL OVAL AND THEIR IMPACT ON
an extension to wideband models is attempted. Unfortunately, it COMMUNICATION AND RADAR SYSTEMS
suffers from an apparently serious shortage of measured data for SUNANDA BASU. SANTIMAY BASU, W. R. COLEY, and N. C.
the time-varying channel transfer function. A possible wideband MAYNARD (Air Force Geophysics Lab.. Hanscom AFB, MA.) In
model is hypothesized. conjectures are made, many questions are AGARD, Scattering and Propagation in Random Media 14 p (SEE
raised, but hardly any are answered. One is left faced with a N89-17706 10-31) Mar. 1988
requirement for an experimental program that is to ascertain the (Contract Ft9628-86-K-0038)
wideband characteristics of multipath fading for digital radio (AGARD-CP-419) Avail: NTIS HC A23/MF A01
transmission in the HF band and over propagation paths of A class of ionospheric irregularities in the auroral oval
interest Author associated with large structured plasma flows was recently isolated

with radar and satellite in-situ measurements. These density
N89-17733# National Telecommunications and Information irregularities have large power spectral densities (PSD) at short
Administration, Boulder, CO. Inst. for Telecommunication scale lengths. The density and velocity spectra in such regions
Sciences. are characterized and their impact on scintillation observations
PROPAGATION AND PERFORMANCE MEASUREMENTS OVER and radar performance are discussed. The structures plasma flows
A DiAITAL TROPOSCATTER COMMUNICATIONS LINK may occur in association with large or small field aligned currents.
JOHN J. LEMMON In AGARD, Scattering and Propagation in The velocity spectra have fairly shallow power spectral indices in
Random Media 13 p (SEE N89-17706 10.31) Mar. 1988 regions of large field aligned currents and are steep in regions of
Sponsored by Department of the Army, Washington, DC small current flows. The density spectra, on the other hand. can
(AGARD-CP-419) Avail: NTIS HC A23/MF AO1 be described by a power law index of approximately -2 in both

Propagation and performance measurements that were the large and small field aligned current regions. The temporal
obtained over a digital troposcatter communications link betwee structure of scintillations will thus be dictated not only by the
Bockberg, West Germany. and West Berlin are discussed. The scattering strength but also by the large flow velocities encountered
measurements were unusual in that three general types of data in the auroral oval. The density structures with large PSD at short
were collected simultaneously over the link: propagation data. digital scale lengths are expected to introduce considerable ionospheric
performance data, and meteorological data. The propagation data clutter in HF radar systems. The effect of E-region conductivity in
include received signal level (RSL) and mullipath measurements modifying small-scale F-region structure and its implication for
made with a channel probe, the performance data consist of communication and radar systems is discussed Author
bit-error data obtained from a 1.544 Mbps Ti bank, and the
meteorological data (in the form of radiosonde messages) were N89-17736# Telettra S.p.A.. Chieti (Italy).
used to generate profiles of the radio refractive index over the IMPULSE RESPONSE MEASUREMENTS AND
link. The basic principles and instrumentation of the channel probe CHARACTERIZATION OF WIDEBAND VHF RADIO LINES
and the test configurations used to obtain these data are discussed. P. LOMUZIO G. GUIDOTTI, N. BENVENUTO, and S PUPOLIN
Then the results of analyses of these data are presented and (Padua Univ., Italy ) In AGARD. Scattering and Propagation in
discussed. These results include the measured impulse response Random Media 14 p (SEE N89-17706 10-31) Mar. 1988
of the channel, delay spread, RSL, bit-error ratios, and refractive (AGARD-CP-419) Avail: NTIS HC A23/MF AOl
index profiles. Potential relationships among these results are Results of an experiment to determine the characteristics of
investigated in order to assess the impact of various troposcatter VHF radio links are presented. The experiment was conducted in
channel conditions on digital radio performance. In particular, both a plain surrounded by mountainous area with a system that allowed
the definition and methods of utilizing the all important parameter the measurement of the delay spread (difference between the
of delay spread. These considerations range from the simple maximum and minimum delay propagation paths) due to multipath
parameter of 2 sigma values to a more complete evaluation of propagation. Various sites were explored with measurements being
the dynamic properties of delay-spread derived from the channel made at different carrier frequencies within the VHF band. In this
probe data Previous studies have addressed many facets of experiment, an interesting result was that delay spreads increase
troposcatter propagation An attempt was made to bring all of with the carrier frequency. Author
these facets together, to present a more complete description of
the troposcatter channel, and to enhance future digital upgrades N89-17738# Cambridge Univ. (England). Ocean Acoustics
of existing troposcafer links. Author Group.

.CROSS-FREQUENCY CORRELATION OF INTENSITY
N89-17734# National Telecommunications and Information FLUCTUATIONS IN THE PHASE-CHANGING MEDIA
Administration, Boulder, CO. Inst. for Telecommunication SARAH J. MILLER In AGARD, Scattering and Propagation in
Sciences. Random Media 4 p (SEE N89-17706 10-31) Mar. 1988
MEASUREMENT, MODELING AND SIMULATION OF LOS (AGARD-CP-419) Avail: NTIS HC A23/MF A01
MICROWAVsE CHANNELS The cross-correlation of intensity fluctuations at two different
JAMES A. HOFFMEYER and LEWIS E. VOGLER In AGARD, wave frequencies is a useful tool in remote sensing of sources
Scatferng and Propagation in Random Media 16 p (SEE N89-17706 and random phase changing media. The cross-spectrum of these
10-31) Mar 1988 fluctuations is investigated here for the model of a deeply
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 modulated phase changing screen. An analytic expression is

A brief summary of prior work in the field of mirrnwnve obtained for this spectrum and the effect of increasing frequency
line-of-sight (LOS) channel propagation measurements, channel differences is demonstrated. Finally, the statistics of the wave
models and channel simulators is presented The objective of fields in the far field are examined by comparing the second and
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fourth moments. It is shown that the relationships of these moments N89-17746# New Mexico State Univ., Las Cruces. Dept of
is consistent with the assumption that the statistics of a Physics.
monochromatic field are normal in the far field. but inconsistent NON-LINEAR EFFECTS ON THE ATMOSPHERIC
with wave fields of different frequencies having a joint normal TRANSMISSION OF HIGH-FLUX ELECTROMAGNETIC BEAMS
distribution there. Author R. L. ARMSTRONG In AGARD. Scattering and Propagation in

Random Media 3 p (SEE N89-17706 10-31) Mar. 1988
(AGARD-CP-419) Avail: NTIS HC A23/MF A01

The propagation of an intense beam of electromagnetic

N$9-17739# Laboratoire Central de Telecommunications, Paris radiation through the atmosphere is accompanied by a host of
(France). interactions between the beam and atmospheric constituents

MODEUNG ELECTROMAGNETIC WAVE PROPAGATION present along the propagation path. These interactions may have

THROUGH A STRONGLY-FLUCTUATING IONIZED MEDIUM BY significant influence on the characteristics of the propagating beam.

THE PHIASE SCREEN METHOD (MODEL DE PROPAGATION Aerosol-beam interactions are discussed which, in many cases of

D'UNE ONDE ELECTROMAGNETIGUE DANS UN MILIEU IONISE practical interest, are the dominant interactions between the

A FORTES FLUCTUATIONS PAR LA METHODE DES ECRANS atmosphere and the propagating beam. Theoretical experimental

DE PHASE) insights are reviewed in a survey of this complex problem.

Y. BENIGUEL and B. GIBERT (Aerospatiale Etablissement des Author

Mureaux, France ) In AGARD, Scattering and Propagation in N89-17747# Rome Air Development Center Hanscom AFB,
Random Media 11 p (SEE N89-17706 10-31) Mar. 1988 In MA. Applied Electromagnetics Div.FRENCHMAApleEetragtisDv
ARNCP A STATISTICAL ANALYSIS OF POLAR METEOR SCATTER(AGARD-CP-419) Avail: NTIS HC A23/MF A01PR AGTOINHE4TO14MZB D

An irregular medium, such as the high altitude ionosphere, is PROPAGATION IN THE 45 TO 104 MHZ BAND

defined statistically using the mean value and variance of electron and J. C. OSTERGAARD (Danish Research Center fr Applied
density and the spectral density of propagation index fluctuations. ani . Inish ReScat ter fopplion
This data permits the characterization of the signal phase as a Electronics. Hoersholm.) In AGARD, Scattering and Propagation
random variable in the medium propagation. The spatial distribution in Random Media g p (SEE N89-17706 10-31) Mar. 1988
of the irregularities, connected with the action of the terrestrial (AGARD-CP-419) Avail: NTIS HC A23/MF Aomagnetic field, produces a very anisotropc medium. The Data being acquired over a 1200 km path in northern Greenland,
prpageti fieldpodulens dat try oti oneim s ie to characterize the polar meteor scatter channel, are described.
propagation calculation is difficult to carry out it one simply specifies The data include both propagation and projected communication
a variation profile of the mean electron density. The method statistics. The propagation statistics include arrival rates and duty
described and used in this paper consists of the discretization of cycle as a function of frequency and received signal level. The
the medium in successive phase screens of low density. The communication statistics include estimates of the performance oT
method of resolution is explained. The results presented support anmbenfcaiatestms in erms of th admaesignal amplitude. phase and scintillation rate calculations. Author a number of candidate systems in terms of throughput and message

delivery time, as a function of frequency, time-of-day, season, data

rate, and modulation, for a specified bit-error-rate, message length,
and packet size. Author

NS-17743# Messina Univ. (Italy). Istituto di Struttura della N89-17748# Hamburg Univ. (Germany, F.R.). Meteoroogisches
Materia. Inst.
SELECTIVE EXTINCTION OF A DISPERSION OF SINGLE AND !CNTE CARLO SIMULATION OF MULTIPLE SCATTERING
AGGREGATED LAYERtO dWnIRES EFFECTS OF MILLIMETER WAVES FROM RAIN FOR A
F. BORGHESE, P. DENTI, R. SAIJA, 0. I. SINDONI (Chemical BISTATIC RADAR
Research and Development Center, Aberdeen Proving Ground, P.-H. VOSS and H. JESKE In AGARD, Scattering and Propagation
MD.). and G. TOSCANO In AGARD, Scattering and Propagation in Random Media 9 p (SEE N89-17706 10-31) Mar. 1988
in Random Media 4 p (SEE N89-17706 10-31) Mar. 1988 (AGARD-CP-419) Avail: NTIS HC A23/MF A01
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 Within the scope of rain measurements with a bistatic

The extinction coefficient for a low-density dispersion of small dual-polarization radar, the influence of multiple scattering efrects
stratified spheres as well as for that of their binary aggregates is discussed. The determination of multiple scattering intensities
was calculated. The results are discussed for 50 A spheres with (up to sixth order) for frequencies of 33 and 9 ; GH2 in depcndencc
a core of MgO and a coating of Al, a case in which a dramatic on rainfall rate, single scattering albedo, volume scattering
shift of the resonance peaks as a function of the thickness of the coefficient, number of ground reflections, antenna beam widths.
coating occurs. This suggests that a suitable choice of the thickness and dimensions of the rain volume was done by the aid of an
could produce selective extinction in a wide range of frequency, efficient Monte Carlo algorithm. The results show that multiple
although this effect could be strongly weakened it a considerable scattering cannot be neglected interpreting the scattered
percentage of spheres aggregate. Author electromagnetic field on the basis of the normal radar equation.

The portion to total scattering can become more than 5 percent
for shorter microwaves and stronger rain rates (say 50 mm/h).

Author
N89-17744# Societe Mothesim. Le Plessis-Robinson (France).
ELECTROMAGNETIC REFLECTIVITY IN NON-HOMOGENEOUS N89-18565# Advisory Group for Aerospace Research and
CONTINUOUS RANDOM MEDIA WITH CYLINDRICAL Development, Neuilly-Sur-Seine (France). Electromagnetic Wave
SYMMETRY [REFLECTIVITE ELECTROMAGNETIGUE D'UN Propagation Panel.
MILIEU ALEATOIRE INHOMOGENE CONTINU A SYMETRIE EFFECTS OF ELECTROMAGNETIC NOISE AND
CYLINDRIOUE) INTERFERENCE ON PERFORMANCE OF MILITARY
G. MULLER and F. MOLINET In AGARD, Scattering and RADIO COMMUNICATION SYSTEMS
Propagation in Random Media 12 p (SEE N89-17706 10-31) Mar. Dec. 1988 420 p Meeting held in Lisbon, Portugal, 26-30 Oct.
1988 In FRENCH 1987
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 (AGARD-CP-420; ISBN-92-835-0487-9) Avail: NTIS HC A18/MF

For the calculation of electromagnetic reflectivity in random A01
media, is common to separate the mean reflectivity of the medium To achieve reliable communications, a thorough knowledge of
froin its fluctuations. However, studies have shown evidence of the communications channel is required. It is important for system
marked interaction between the two. A calculation scheme is design to characterize the channel, which in general consists of
presented which takes into consideration the interaction between intentionally radiated signals, noise of either natural origin or
the medium mean reflectivity and fluctuations. The medium radiated from man-made sources or composite variations of these
discussed is an ionized plasma with fluid flow. Cylindrical signals. The various noi~e and interference sources existing in
coordinates are used for rfild calculations. Results for global and the communications channel impose a fundamental limit on
local phenomena and turbulence are discussed. Author achievable radio system performance. Communications equipment
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must be designed to cope with the effects of electromagnetic NBg-18569# Interferometrics, Inc., Vienna, VA.
noise and interference. The symposium examined how to determine VLF RADIO NOISE
the effects of these disturbances by measuring, modelling and MICHAEL D. ANDREWS, LORRAINE DEBLASIO. and FRANCIS
particularly simulating the characteristics of unwanted signals. J. KELLY (Naval Research Lab., Washington. DC.) In AGARD
Communication system design and performance were also Effects of Electromagnetic Noise and Interference on Performance
discussed. For individual titles, see N89-18566 through of Military Radio Communication Systems 18 p (SEE N89-18565
N89-18597. 11-32) Dec. 1988

(AGARD-CP-420) Avail: NTIS HC A18/MF A0t
The Ionospheric Effects Branch of the Space Science Division

N80-18566# GTE Government Systems Corp., Westborough, at the Naval Research Laboratory is engaged in an ongoing
MA. Strategic Systems Div. program to measure the natural noise environment at VLF. A
RADIO NOISE CHARACTERISTICS AND THEIR SYSTEM Navy P.3 aircraft has been used to measure the ambient noise at
PERFORMANCE IMPLICATIONS 35 kHz. There are three orthogonal loop antennas so that both
JOHN R. HERMAN In AGARD, Effects of Electromagnetic Noise TE and TM components of the noise can be measured. Mean
and Interference on Performance of Military Radio Communication noise levels and values for V sub d will be presented for 1620
Systems 18 p (SEE N89-18565 11-32) Dec. 1988 observations on seven days in July and August 1986. Examples
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 of the observed APDs are shown. This experiment observed values

This survey reviews the impacts of correlated-pulse impulsive for V sub d significantly lower than the C.C.I.R. values which
noivc on co,mmu.caton codino And system performance, probably indicates that these observations were heavily influenced
Examples of atmospheric and man-made noise are provided to by local noise rather than atmospherics. Author
set the background. The statistical characteristics of radio noise
are defined and several noise mitigation techniques are
discussed. Author

N89-18567# Rome Air Development Center, Hanscom AFB,
MA. Propagation Branch. N89-18570# Stanford Univ., CA. Space, Telecommunications
BALLOON MEASUREMENT SOFT LOW FREQUENCY TE AND and Radioscience Lab.
TM ATMOSPHERIC NOISE A NEW GLOBAL SURVEY OF ELF/VLF RADIO NOISE
JOHN P. TURTLE and PAUL A. KOSSEY (Air Force Geophysics A. C. FRASER-SMITH. R. A. HELLIWELL, B. R. FORTNAM, P. R.
Lab., Hanscom AFE, MA.) In AGARD. Effects of Electromagnetic MCGILL and C. C. TEAGUE In AGARD, Effects of
Noise and Interference on Performance of Military Radio Electromagnetic ioise and Interference on Performance of Military
Communication Systems 11 p (SEE N89-18565 11-32) Dec. Radio Communication Systems 15p (SEE N89-18565 11-32) Dec.
1988 1988
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 (Contract N000t4-84-G-0202; NO0014-81-K-0382;

Measurements of Transverse Electric (TE) and Transverse F19628-84-K-0043; NSF DPP-83-16641)
Magnetic (TM) atmospheric noise, obtained during a five-hour flight (AGARD-CP-420) Avail: NTIS HC A18/MF A01
of a free-floating balloon are discussed. The balloon carried three Stanford University is presently operating a global network of
low frequency receivers and three (orthogonal) loop antennas to eight computer-controlled receiving systems, or radiometers, for
measure TE and TM atmospheric noise at 42.5 kHz, and the the m~asurement of electromagnetic noise in the 10 to 32,000
normal (TM) and converted (TE) signals from ground-based Hz (ELF/VLF) frequency band. Each radiometer consists of
transmitters at 37.2 kHz. 48.5 kHz and 60 kHz. v description of two-dual-channel receivers, each with two crossed loop antennas
the :ow frequency instrumentation is given, along &ith discussions (East-West, North-Sci'hti. One of these receivers has a response
of the TE and TM data acquired during the flight, most of which covering the frequency range 10 to 500 Hz and the other covering
(four hours) occurred at a free-floating altitude of about 21 km. the range 200 to 32,000 Hz. A bank of narrow-band filters (5 pct)
Emphasis is on the TE-to-TM signal and noise ratios observed bandwidth is used to monitor the noise present at 16 selected
during the flight. The use of such data to validate TE and TM frequencies throughout the overall range of operation. The output
atmospheric noise prediction codes is also discussed. Author of these filters is continuously sampled and statistical averages

computed and recorded on magnetic tape, along with samples of

Ngg-18568# Pacifica-Sierra Research Corp., Los Angeles, CA. the raw data. Broadband samples of the ELF/VLF noise are also

LIGHTNING GENERATION OF LOW-FREQUENCY TE taken periodically (typically one minute every hour) to provide a

ATMOSPHERIC NOISE check on system performance and to aid in the interpretation of

EDWARD C. Ft::L, JR. and CHRIS R. WARBER In AGARD. the statistical data. The digital data are being used primarily for

Effects of Electromagnetic Noise and Interference on Performance statistical studies of the global distribution of ELF/VLF noise Plots

of Military Radio Communication Systems 13 p (SEE N89-18565 of minimum, maximum, average, and rms noise amplitudes versus

11-32) Dec. 1988 frequency can be comparatively easily prepared for a wide vanety

(AGARD-CP-420) Avail: NTIS HC AI8/MF A01 of time intervals for each radiometer location. Plots of the noise

The role of horizontal lightning strokes in producing statistic V sub d amplitude probability distributions are also easily

transverse-electric low-frequency atmosphenc noise is discussed, prepared. Author

The fields generated by such strokes are calculated as a function
of frequency, stroke altitude, stroke orientation, and the state of
the ionosphere. Results show that honzontal strokes are weak TE
noise radiators unless their altitude exceeds a few kilometers.
Above several kilometers, however, horizontal strokes can radiate
Transverse Electric (TE) noise almost vs efficiently as vertical N89-t8571# SRI International Corp., Arlington, VA. Information
strokes radiate transverse-magnetic noise. Because TE noise does Sciences and Technology Center.
not propagate as welt as Transverse Magnetic (TM) noise. the MAN-MADE RADIO NOISE AND INTERFERENCE
TE/TM noise ratio tends to diminisr with distance, particularly G. H. HAGN In AGARD, Effects of Electromagnetic Noise and
under disturbed ionospheric conditions. Most horizontal lightning Interference on Performance of Military Radio Communication
channels do, in fact, occur above 3 km and are more frequent Systems t5 p (SEE N89-18565 11-32) Dec. 1988
than vertical channels. Moreover, the horizontal structure of (AGARD-CP-420) Avail: NTIS HC A18/MF A01
lightning is typically 2 or 3 times greater in extent than vertical Considered here is what the scientific community currently
structure, even for cloud-to-ground strokes. It therefore appears knows and does not know about man-made radio noise. Both
that horizontal lightning is high enough, occurs often enough. and empirical and analytical omse are discussed. The measurement of
has enough channel length to radiate substantial TE noise. TE man-made noise also is discussed. The measurement of man-made
atmospheric noise might therefore be stronger than previously noise levels (and related statistics) durng military exercises is
believed Recent balloon-borne measurements on the TE/TM noise suggested. A man-made radio noise program is described which
ratio seem to confirm that conclusion. Author would help fill the voids in current knowledge. Author
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N89-18572# Science Research Council, Chilton (England). Gaussian noise and/or with an internally/externally generated
TRANSHORIZON COCHANNEL INTERFERENCE PATH interferer. In order to test modern digital processing techniques,
MEASUREMENTS IN EUROPE such as Adaptive Null Steering. Eigenvector Sorting. and
MARTIN P. M. HALL In AGARD. Effects of Electromagnetic Widrow-Hoff adaptive filters. SINCUP is capable of generating and
Noise and Interference on Performance of Military Radio meeting much higher signal-to-noise plus interference ratios than
Communication Systems 10 p (SEE N89-18565 11-32) Dec. earlier channel simulators. The present software has been written
1988 to accommodate a dynamic signal-to-noise ratio (SNR) range from
(AGARD-CP-420) Avail: NtIS HC Ata/MF AOl -60 to +60 dB. Higher dynamic range units could be

Existing methods for predicting co-channel interference levels implemented. Author
are very inadequate, and development of these methods has been
severely limited by the lack of suitable data. There are particular
probeams within Europe because there is a wide range of climatic
and geographical conditions. COST Project 210 was set up to
provide suitable data and prediction methods. The prime objective
is to develop and evaluate models to serve as a basis for frequency N89-18576# National Telecommunications and Information
planning co-ordination procedures and interference calculations. Administration. Boulder, CO. Inst. for Telecommunication
in order to improve the organization of further radio communication Sciences.
systems within Europe. After givng an up-to-date statement on EFFECTS OF NOISE AND INTERFERENCE ON SYSTEM
the COST 210 activities set out above, early results obtained from PERFORMANCE
three representative areas of study ere given: (1) statistics of high ARTHUR D. SPAULDING In AGARD, Effects of Electromagnetic
signal level, and case studies, essentially in clear-air conditions, Noise and Interference on Performance of Military Radio
on paths of 150 to 300 km from France to the U.K. (in collaboration Communication Systems 17 p (SEE N89-18565 11-32) Dec.
with CNET (Paris), CNET (Lannion), Portsmouth Polytechnic. IBA 1988
and RSGB); (2) hydrometeor scatter studies using a 10 cm (AGARD-CP-420) Avail: NTIS HC A16/MF A01
wavelength dual-polarization radar at RAL. where a radar-derived A summary is given of the two basic types of noise processes
raincell database is being used to simulate interference paths and that confront us: narrowband processes composed of various
to examine relative effects of ice and rain, etc; and (3) hydrometeor collections of narrowband intentionally radiated signals, coherent
scatter statistics and case studies on a 131 km overland path (in pulse trains, various kinds of unintentionally radiated manmade
collaboration with 0TI), and a 48 km overland path. both in noise, etc., all termed Class A; and broadband processes such as
conjunction with the radar mentioned above, and two oversee atmospheric noise from lightning and various forms of manmade
paths of 201 and 302 km (in collaboration with CNET). Author noise such as automotive ignition noise, etc.. termed Class B.

After a short summary of these noise processes, stating only theN$9-18573# Manchester Univ. (England). Inst. of Science and models in current use, a review is given of the performance of
Technology. normal (linear) systems in Class A and Class B noise, not in
EXPERIMENTAL OBSERVATIONS OF SPECTRAL OCCUPANCY great detail but sufficiently to give a good feel for the diverse
AT HF performance degradations obtained. Examples of both digital and
GEOFFREY F. GOT. PATRICK J. LAYCOCK, ARUP R. RAY. analog systems are used. After reviewing the substantial
and MARK MORRELL In AGARD, Effects of Electromagnetic degradation the real-world interference environment can cause the
Noise and Interference on Performance of Military Radio existing systems, results are given of the performance of systems
Communication Systems 8 p (SEE N89-18565 11-32) Dec. 1988 especially designed to take advantage of the actual interference.
Sponsored by the Science and Engineering Research Coincil, showing very substantial performance improvements. Examples of
United Kingdom and the Ministry of Defence. United Kingdom both techniques currently being pursued, parametric and
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 nonparametc, are used. Author

An experiment to measure spectral occupancy at HF has been
undertaken since the sunspot maximum of 1982, and examples
of the results are presented. Also, a mathematical model is being
fitted to the experimental data, and initial results of this aspect of
the work are included. Author

N89-18574# Army Information Systems Command. Fort Huachua, N89-18577# Communications Research Centre, Ottawa
AZ. Engineering and Integrations Center. (Ontario).
NOISE MEASUREMENT SYSTEMSITECHNIQUES THE DESIGN AND PERFORMANCE OF AN ADAPTIVE
CALVIN B. CHRISTIANSON In AGARD, Effects of Electromagnetic PACKET-SWITCHED HF DATA TERMINAL
Noise and Interference on Performance of Military Radio G. R. NOURRY and A. J. MACKIE (Intellitech Canada Ltd., Ottawa.
Communication Systems 9 p (SEE N89-18565 11-32) Dec. 1988 Ontario ) In AGARD, Effects of Electromagnetic Noise and
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 Interference on Performance of Military Radio Communication

The evolution of noise management systems, types of and Systems 10 p (SEE N89-18565 11-32) Dec. 1988
capabilities of systems that have been used in the last decade, (AGARD-CP-420) Avail: NTIS HC A18/MF AOl
and a small portable system that was developed for noise Adaptive techniques form a useful set of tools for combatting
measurements are briefly discussed. The use of this small system the time and space variability of HF channels and the other factors
for noise measurements in the field and resulting data is adverseif affecting HF communications. These techniques have
presented. Author been implemented together with packet-switching in a vehicle called

the HF data terminal. The terminal is characterized by adaptivity
N89-1857S# Naval Ocean Systems Center. San Diego, CA. at all levels of its design, including a real-time channel evaluation
SIGNAL NOISE/INTERFERER COMBINER UNIT and channel selection mechanism, an adaptive link protocol for
PROGRAMMABLE (SINCUP) channel optimization, and a fully distributed and adaptive routing
EMILIO MARTINEZOEPISON In AGARD. Effects of algorithm for the selection of routes in an HF network. The
Electromagnetic Noise and Interference on Performance of Military adaptivity is implemented via a suite of robust, low-overhead,
Radio Communication Systems 9 p (SEE N89-18565 11-32) Dec. adaptive protocols that work even in low-bandwidth and error-prone
1988 environments. With the exception of channel evaluation/selection.
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 all forms of adaptivity are dynamic and not negotiated over HF

The Signal Noise Interferer Combiner Unit Programmable links. The data terminal has been tested over beth short and long
(SINCUP) has been developed to facilitate laboratory performance HF links, The performance of this system is illustrated with results
testing of Very Low Frequency (VLF/LOw Frequency (LF) receivers. from these tests. It is shown that, in addition to fully automatic
To accomplish this, the unit allows the combining in controlled operation, the system provides a significant improvement in HF
amounts of various real-world environmental and manmade communications reliability and survivability. Throughput was
interference with an information carrying signal. The externally demonstrated to be an orde of magnitude greater in existing HF
modulated signal is combined with internally/externally generated communications systems. Author
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NsB18S78# Plessey Research Roke Manor Ltd.. Romsey N89-18582# York Univ. (England). Dept. of Electronics.
(England). IMPROVED CODING AND CONTROL OF HF SYSTEMS IN A
DESIGN CONSIDERATIONS FOR AN AUTOMATED HF DATA NON-GAUSSIAN NOISE ENVIRONMENT
NETWORK WITH ADAPTIVE CHANNEL SELECTION J. HAGUE In AGARD, Effects of Electromagnetic Noise and
R. J. GOODWIN and A. P. C. REED In AGARD, Effects of Interference on Performance of Military Radio Communication
Electromagnetic Noise and Interference on Performance of Military Systems 17 p (SEE N89-18565 11-32) Dec. 1988
Radio Communication Systems 11 p (SEE N89-18565 11-32) Dec. (AGARD-CP-420) Avail: NTIS HC A18/MF A01
1988 A HF communication system which is capable of adapting
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 various parameters, such as frequency and coding scheme, to

A fully automatic HF data network has been designed which provide the user with the most reliable HF path is descnbed.
adapts to changing propagation and interference conditions. Each transceiver/ATU is of amateur-grade, and is capable of
Frequency management at network level derives real time delivering approximately 150 W over the range 2 to 30 MHz. The
propagation data which is supplied to all network stations. At link transceivers are fully computer-controlfable, and this enables
level, propagation prediction, interference assessment and link automatic channel selection to be achieved. When used with tOm
sounding together provide adaptive channel selection for each whip antennas, a cheap and portable HF system results; however.
call. Efficient and reliable message transmission is achieved using for some channels, the 10m antenna will not present an ideal
a novel FEC/ARQ protocol which also provides for adaptive match to the system, and thus the automatic tuning facility of the
changes in data rate or channel reselection during the call. ATU is used to achieve a match, which may take up to 3 seconds.
Frequency management and network management functions can Due to this constraint, broadband antennas for the probing channel
be executed by any subset of stations in the network and no become desirable, at the expense of making the system less
special sounding equipment is required. Author portable. The coding/control software runs on two 8085 systems.

Each 8085 system is equipped of 8 Kbytes of ROM and 8 Kbytes
of RAM, and therefore reasonably complex algorithms may be
accomodated. Additional memory cards may be added to the

N89-18579# Manchester Univ. (England). Inst. of Science and system at a later date as required. Presently, Golay (23,12) and
Technuiuqy. other half-rate codes (the Golay (23,12) code is in fact implemented
EXPERIMENTAL ROBUST HF MODEMS INCORPORATING as a (24.12) code for ease of system timing), are supported by
ADAPTIVE EXCISION the system, but it is intended to utilise other coding schemes,
GEOFFREY F. GOTT, PAUL DOANY, SIU W. WONG, and E. such as the embedded-array code (Darnell, Honary & Zolghadr,
PHILIP DARBYSHIRE In AGARD, Effects of Electromagnetic 1986) at a later date by modifying the software. Author
Noise and Interference on Performance of Military Radio
Communication Systems 10 p (SEE N89-18565 11-32) Dec. N89-18583# Istituto per le Telecomunicazioni e I'Elettronica G.
1988 Sponsored by Ministry of Defence, United Kingdom Vallauri, Livorno (Italy)
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 ELECTROMAGNETIC CODE FOR NAVAL APPLICATIONS

Two 75 bits/sec modems which are able to operate in the F. CRESCIMBENI, F. BESSI. and S. CHITI (IDS Ingegneria dei
presence of severe interference from other HF users, frequency Sistemi S.p.A., Pisa. Italy I In AGARD, Effects of Electromagnetic
selective fading, and noise are described. One modem is a Noise and Interference on Performance of Military Radio
frequency hopper (with a total bandwidth of about 200 kHz) and Communication Systems 12 p (SEE N89-18565 11-32) Dec.
the other occupies a single voice channel. Author 1988

(AGARD-CP-420) Avail: NTIS HC A18/MF A01
The use of an increasing number of electronic apparatus

N89-18580# Hull Univ. (England). Dept. of Electronic became vital to meet the high performance required for military
Engineenng. navy applications. Thus the number of antennas to be mounted
ARTIFICIAL INTELLIGENCE IN HF COMMUNICATION on shipntard greatly incroased. As a consequence of the high
SYSTEMS antenna density, of the complexity of the shipboard environment
A. P. JOWETT In AGARD. Effects of Electromagnetic Noise and and of the powers used for communication and radar systems,
Interference on Performance of Military Radio Communication the EMC (Electro-Magnetic Compatibility) problem is playing a
Systems 25 p (SEE N89-18565 11-32) Der 1988 leading role in the design of the topside of a ship. The Italian
(AGAP'CP-420) Avail: NTIS HC A183/MF A01 Navy has acquired a numerical code for the antenna siting and

The current status of HF communications system design is design. This code, together with experimental data measured at
reviewed, Attention is given to the constituent components of HF the Italian Navy test range facility, allows for the evaluation of
systems The need for automatic system control and frequency optimal sitings for antenna systems on shipboard, and the prediction
management is presented. A new method of in-band real-time of their performances in the actual environment. The structure of
channel evaluation (RTCE) is described and a proposed co-channel this code, named Programma Elettromagnetico per Applicazioni
interference model is included. A formalized HF systems design Navali, (Electromagnetic Code for Naval Applications) is discussed.
philosophy is presented in order to achieve optimum performance together with its capabilities and applications. Also the results
in noise and interference environments, and civipatibiiity with other obtained in some examples are presented and compared with the
types of communication systems. Author measurements Author

N89-18584# Naval Ocean Systems Center, San Diego, CA.
NARRATIVE COMPRESSION CODING FOR A CHANNEL WITH

N89-18581# Hull Univ. (England) Dept. of Electronic ERRORS
Engineering. JAMES W. BOND In AGARD, Effects of Electromagnetic Noise
PROCESSING TECHNIQUES FOR RADIO COMMUNICATIONS and Interference on Performance of Military Radio Communication
IN NON-GAUSSIAN NOISE ENVIRONMENTS Sysems 15 p (SEE N89-18565 11-32) Dec. 1988 Previously
M DARNELL In AGARD, Effects of Electromagnetic Noise and announced as N88-25673
Interference on Performance of Military Radio Communication (AGARD-CP-420) Avail: NTIS HC A18/MF AOt
Systems 15 p (SEE N89-18565 11-32) Dec. 1988 Data compression codes offer the possibility of improving the
(AGARD-CP-420) Avail: NTIS HC A18/MF A0l throughput of existing communication systems in the near term.

The different forms of background noise/interference This study was undertaken to determine if data compression codes
environment encountered by various types of radio communication could be utilized to provide message compression in a channel
systems are considered. Shortcomings of the analytical models with up to a .10 bit error rate. The data compression capabilities
available for these environments are then identified. The of codes were investigated by estimating the average number of
fundamental characteristics of radio paths which affect their ability bits-per-character required !o transmit narrative files. The
to pass information are then examined, and certain general design performance of the codes in a channel with errors (a noisy channel)
principles established. Finally, several procedures and techniques was investigated in terms of t e average numbers of characters
with the potential to enhance radio sys'em performance in decoded in error per bit error and of characters printed in error
non-Gaussian environments are described. Author per bit error. Results were obtained by encoding four narrative
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files, which were resident on an IBM PC and use a 58 character is a technique used for maximizing the throughput and optimizing
set. The study focused on Huffman codes and suffix/prefix reliability, and is an Electronic Counter Counter Measure (ECCM)
comma-free codes. Other data compression codes, in particular, against conventional jamming systems. As a result of the analysis
block codes and some simple variants of block codes, are briefly and reaction times of follower jammers, frequency hoppers with
discussed to place the study results in context. Comma-free codes 10 to 20 hops/s can provide adequate protection against electronic
were found to have the most promising data compression because counter measures (ECM) also in the 90's. In this case, effective
error propagation due to bit errors are limited to a few characters error correction techniques are required because of the high
for these codes. A technique was found to identify a suffix/prefix proportion of disturbed hop channels. Hopping systems with hop
comma-free code giving nearly the same data compression as a rates of more than 100 or 1000 hops/s are discussed. An HF
Huffman code with much less error propagation than the Huffman communication system with adaptive reaction and freqency hopping
codes. Author of up to 20 hops/s is presented. Results are presented of field

trials with adaptive reaction and frequency hopping with a dwell
N89-18585# Forschungsgesellschaff fuer Angewandte time of 160 ms corresponding to 6 hops/s. A test system with
Naturwissenschaffen. Werthoven (Germany, F.R.). reproducible channel characteristics of the HF channel is
NEW METHOD FOR SUPPRESSION OF GONIOMETER OF described. Author
ERRORS BY RADIO NOISE FROM OVERHEAD POWER LINES
J. BENGER. G. DEUBACH. and G. KOSEL In AGARD, Effects N89-18588# Communications Research Centre. Ottawa
of Electromagnetic Noise and Interference on Performance of (Ontario)
Military Radio Communication Systems 9 p (SEE N89-18565 PREDICTING THE EFFECTS OF NOISE AND INTERFERENCE
11-32) Dec. 1988 ON FAST FREQUENCY-HOPPED M-ARY NCFSK SYSTEMS
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 E. BARRY FELSTEAD, JOHN S. BIRD. and U. ANDREJ

Overhead power lines below 70 kV often generate impulsive TENNE-SENS In AGARD. Effects of Electromagnetic Noise and
radio noise by sparking which may heavily interfere on the Interference on Performance of Military Radio Communication
performance of military VHF communication systems. The first Systems 11 p (SEE N89-18565 11-32) Dec. 1988
part of this presentation deals with that kind of radio noise. its (AGARD-CP-420) Avail: NTIS HC A18/MF A01
characteristics and possible sources and shows some Calculation of the performance, in terms of received bit error
measurements. Measurements also show that radio noise from probabilities, of fast frequency-hopped M-ary non-coherent
sparking overhead power lines may influence automatic goniometer frequency-shift-keyed (NCFSK) systems is discussed. A aeneral
direction finding: one gets a wrong bearing, that of the noise method of calculating accurately the performance of such systems
source. Therefore, a new method for eliminating this noise influence for arbitrary M, degraded by system noise and both
was investigated. It determines the lower envelope of the direction partial-band-noise and multi-tone jamming is introduced. Some
finder (DF) signal and is only applicable in the digital area of typical results are presented and it is shown for a fixed hop rate
signal processing. The method is described and its effectiveness how the use of time diversity, through repetition of each symbol
is presented. Author on several hops, can dramatically improve performance; M may

be simultaneously increased to keep the data rate high. This
N89-18586# Victona Univ. (Bntish Columbia). Dept. of Electrical technique in conjunction with only simple error-correction coding
and Computer Engineering. can make the system quite robust. System degradation due to
JAMMING AND ELECTRONIC COUNTERMEASURES multipath can fortuitously be overcome by the same anti-jam
VI lAY I RH 1%/", qnd iYSkI WAN( In AGARD, Effects of techniques Av.!,or

Electromagnetic Noise and Interference on Performance of Military
Radio Communication Systems 11 p (SEE N88-18565 11-32) Dec. N89-18589# Instituto Superior Tecnico, Lisbon (Portugal).
1988 INHERENT-JITTER EFFECTS IN THE NEW RAPID ACQUISITION

(AGARD-CP-420) Avail: NTIS HC A18/MF AOl METHOD FOR FREQUENCY-HOPPED PUSH-TO-TALK SPREAD
There is no single jamming strategy that is worst for all spread SPECTRUM SYSTEMS: A JITTER-FIGHTING SCHEME

spectrum systems and there is no single spread spectrum system JORGE M. N. PEREIRA and AUGUSTO A. ALBUQUERQUE In
that is best against all jamming waveforms. Examined here are AGARD, Effects of Electromagnetic Noise and Interference on
the following potential jammers: (1) broadband and partial-band Performance of Military Radio Communication Systems 20 p (SEE
lammers: (2) continuous wave and multitone jammers: (3) pulse N8918565 11-32) Dec. 1988
jammers: and (4) repeat-back jammers. In order to operate in the (AGARD-CP-420) Avail: NTIS HC Al8/MF A01
presence of jamming, military communication systems must A critical problem in Push-to-Talk Frequency-Hopped
incorporate one or more of the pomary countermeasure techniques Spread-Spectrum systems is its vulnerability to eavesdropping
in their designs, such as spread spectrum, error control coding, during the necessary pr-"'le, or to possible reproduction by a
and steerable-null antennas. The basic design approach for such would-be interferer. A new acquisition method has beer, envisioned,
ani-jam communication systems is introduced. Ground rules for and is presented, to reduce this weakness, permitting the receiver
system performance are specified by stating assumptions regarding to work in lower signal-to-noise ratio and to acquire faster than in
jammers and anti-jam systems along with definitions of the any known system. The essence of the new method is the use of
fundamental system parameters. Two useful examples of such sliding-window integration non-coherent detectors and a decision
systems, namely, coherent direct sequence spread, phase- rate much higher than the hopping one, and coincident with the
shift-keying (DSIPSK), and non-coherent frequency-hopped w.ndow-relocation rate. The inherent-jitter effects in the new method
frequency-shifted keying (FH/FSK) systems are presented. are described, and results presented for an optimal (omniscient)
Because coding and interleaving are extremely important in anti-jam system, after jitter-bypassing. A jitter-fighting scheme is then
system design, the impact of these techniques is illustrated with proposed and its performance and adequacy analyzed. Author
examples. Author

N89-18590# LuTech. Inc., Dallas, TX.
NSg-18587# Rhode and Schwartz G m b.H.. Munich (Germany. DEVELOPMENT OF A NEW HIGH ALTITUDE
FR.) ELECTROMAGNETIC PULSE (HEMP) ENVIRONMENT AND
ECM RESISTANCE IN THE HF BAND BY USE OF ADAPTIVE RESULTING OVERHEAD LINE RESPONSES
REACTION AND FREQUENCY HOPPING F. M. TESCHE and P. R. BARNES (Oak Ridge National Lab,
G GREINER, P. ISELT, and G. MUELLER In AGARD, Effects TN.) In AGARD, Effects of Electromagnetic Noise and Interference
of Electromagnetic Noise and Interference on Performance of on Performance of Military Radio Communication Systems 20 p
Military Radio Communication Systems 9 p (SEE N89-18565 (SEE N89-18565 11-32) Dec. 1988
11-32) Dec. 1988 Sponsored in part by SHAPE Technical (Contract DE-AC05-84OR-21400)
Center (AGARD-CP-420) Avail: NTIS HC A18/MF A01
(AGARD-CP-420) Avail NTIS HC Af8/MF A0l Being able to accurately determine the response of an electncal

In shortwave communications, change of frequency either by system which is excited by a high altitude nuclear electromagnetic
adaptive reaction or by frequency hopping as a means of protection pulse (EMP) requires a knowledge of the time history of the incident
against jamming must be adapted to the particular transmission EMP field stenqth, as well as its angle of incidence and
characteristics of shortwaves. Adaptive reaction to a new frequency polarization. A commonly used, unclassified, description of this
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environment is provided by the Bell Laboratory waveform. Recent deployed in Europe as a vehicle to research potential battlefield
studies have shown, however, that this EMP waveform tends to spectrum management capabilities through operational evaluation
over-estimate the response of an above-ground transmission line of software and operating procedures during major USAREUR
by more than an order of magnitude. AS a result, other unclassified exercises. The pilot system provides a go to war asset for use
high altitude EMP environments have been developed. Discussed until the software is transitioned to the communications system
here is the development of two alternate unclassified EMP control centers/elements for evolving switched systems: it is
environment descriptions: one arising from a simple radiating dipole mounted in existing tactical demand access and VHF combat net
moment model, and the other resuling from curve-fitting the radio (CNR) management is described in this paper. Interoperable
calculated fields from a computer code named CHAP. For both of distributed data base processing is the key to spectrum
these EMP models, the electric field at two earth observation management responsive to highly maneuverable forces. Author
points are compared. These fields are then coupled to an
above-ground line and the resulting open-circuit voltage responses N89-18694# Industrie per Io Spazio e le Comunicazion S.p A..
are compared. Using the CHAP EMP environment, a limited Rome (Italy).
parametric study of the peak positive and negative open-circuit COSITING OF RADIO TERMINALS
line voltage is then performed and surface plots of these peak GtUSEPPE CUCINOTTA and RAFFAELE AZZARONE (Marina
voltages are presented. Author Militare, Livorno. Italy ) In AGARD. Effects of Electromagnetic

Noise and Interference on Performance of Military Radio
N89-18591# Federal Armed Forces Defense Science. Munster Communication Systems 11 p (SEE N89-18565 11-32) Dec.
(Germany, F.R.). Agency for NBC Protection. 1988
EMP-INOUCED TRANSIENTS AND THEIR IMPACT ON SYSTEM (AGARD-CP.420) Avail: NTIS HC A18/MF A01
PERFORMANCE The causes of the radiocommunication channel degradation
RICHARD J. STURM In AGARD, Effects of Electromagnetic are identified when receivers and transmitters or transceivers are
Noise and Interference on Performance of Military Radio colocated in mobile platforms or in sites where space is at a
Communication Systems 7 p (SEE N89-18565 11-32) Dec. 1988 premium. System and equipment parameters are evaluated t
(AGARD-CP-420) Avail: NTIS HC A18/MF A0l minimize the degradation of the receivers performance in cosited

The interacton of electromagnetic waves with complex systems radio installations, together with additional technical and operational
is still a puzzling phenomenon. Presented here is an attempt to resources necessary to support this target. Furthermore the
show how information about the sequence of interaction steps parameters necessary for computer simulations of cositing effects
can be extracted from the whole set of data which are recorded and associated frequency management are identified. Author
dunng an electromagnetic pulse (EMP) test of a complex system.
The basic idea is to separate the interaction process in two or N89-18595# City Unv., London (England), Chemical Energy
more steps, the external interaction, coupling through e.g.. an Research Centre.
aperture, and the internal interaction. The internal interaction results INTERMODULATION INTERFERENCES IN RADIO SYSTEMS
in the all important results in the all important pin currents/voltages P. S. W. HO, L. H. BEVAN, A. C. C TSEUNG. and W S
which endanger the proper function of the system. In case of WILKINSON In AGARD, Effects of Electromagnetic Noise and
EMP the induced currents can reach peak values of more than Interference on Performance of Military Radio Communication
100 A even on short cables in compact systems (helicopters, Systems 8 p (SEE N89-18565 11-32) Dec. 1988 Sponsored -
tanks, etc.). The type of upset and damage which have been part t; the Science and Engineering Research Council. United
observed after illumination with EMP-like fields are reported. The Kingdom and the Home Office. United Kingdom
basic concept of the determination of the EMP-vulnerability is (AGARD-CP-420) Avail: NTIS HC A18/MF A01
discussed and explained by examples. Author The phenomenon of intermodulation is introduced first The

origins of intermodulation irlterference in a radio communication
N19-18592# BDM Services Co., Albuquerque, NM. systems are considered. Mechanisms responsible for this
SHIELDS FOR PROTECTING CABLES FROM THE EFFECTS OF interference, for example. ferromagnetic nonlinearity and electron
ELECTROMAGNETIC NOISE AND INTERFERENCE tunnelling are considered, ano a model based on a
L. 0. HOEFT. J. S. HOFSTRA, R. J. KARASKIEWICZ, and B. W metal-semiconductor rectifying junction is suggested An
TORRES In AGARD. Effects of Electromagnetic Noise and experimental setup for measuring intermodulation levels of specially
Interference on Performance of Military Radio Communication treated test samples and the operating procedures are then
Systems 10 p (SEE N89-18565 11-32) Dec. 1988 described. A general principle to overcome the structural
(AGARD-CP-420 Avail: NTIS HC A18/MF A0l intermodulation problem is outlined. Experimental results for some

The intrinsic electromagnetic property of a casle or connector chemical and metallic coatings, and their merits are presented
shield is its surface transfer impedance. This is the ratio of the next. Lastly, the usefulness of monitoring the background
longitudinal open circuit voltage measured on one side of the intermodulation level of a test site is given. In conclusion, the
shield (normally the inside) to the axial current on the other side joint effect is the first order in determining the degree of seriousness
(normally the outside). In cases where a high electric field is present of the intermodulation problem and the use of high conductivity
at the surface of the shield, the transfer admittance or charge coating provides tl, most feasible solution. Author
transfer elastance is also important. Measurements of typical
cables, connectors, backshells and cable terminations are N89-18596# Army Electronics Command, Fort Monmouth. NJ
presenteJ and explained in terms of simple models. Author Center for Command. Control and Communications Systems.

AUTOMATING THE DECONFLICTION OF JAMMING AND
N89-1593# Army Electronics Command, Fort Monmouth, NJ. SPECTRUM MANAGEMENT
Center for Command, Control and Communications Systems. SAMUEL M. SEGNER In AGARD. Effects of Electromagnetic
AUTOMATING SPECTRUM MANAGEMENT OF TACTICAL Noise and Interference on Performance o Military Radio
COMMUNICATIONS TO MINIMIZE MUTUAL INTERFERENCE Communication Systems 12 p (SEE N89-118565 11.32) Dec
AND MIXIMIZE FREQUENCY REUSE ON THE BATTLEFIELD 1988
SAMUEL M. SEGNER In AGARD, Effects of Electromagnetic (AGARD-CP-d20) Avail: NTIS HC A18/MF Aot
Noise and Interference on Performance of Military Radio Powerful airborne and ground based jammers are being fielded
Communication Systems 14 p (SEE N89-18565 11-32) Dec. by all services and nations as part of the., intelligence/electronic
1988 warfare (I/EW) combat capability. For their survivability, these I/EW
(AGARD-CP-420) Avail: NTIS HC A18/MF A01 systems operate far from the FLOT; this creates rather large denial

Automating spectrum management of tactical multichannel line areas to friendly forces when they jam. Manual coordination
of sigft (LOS) and tropospheric ITROPO) communications systems between IE/W managers and spectrum managers is not practical
began in the early BO's with the establishment of the Automated to take on targets of Opportunities or track the intended enemy
Battlefield Spectrum Management and Engineering (ABSME) victims when these victims counter by frequency maneuvers. Two
studies and analysis program and its test bed for software evolition, possible architectures, on i centralized, the other decentralized,
the Army Automatad Tactical Frequency Engineering S, tern are explored as is the applicability of the electromagnetic
(ATFES) pilot program in U.S. Army Forces, Europe IUSAREUR) compatibility )EMC) software developed for the U.S Army
The ATFES is a minicomputer based, four echelon pilot system Automatic Tactical Freduency Engineering System (ATFES) pilot
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program The proposed approach is to apply the principles of the N87-23867# Massachusetts Univ., Amherst. Dept. of Electrical

Joint Commanders EW Staff JCEWS). The initial simplified software and Computer Engineering.
to demonstrate the computer aided coordination at VHF is PRINTED CIRCUIT ANTENNA TECHNOLOGY
explained Author DANIEL H. SCHAUBERT In AGARD Microwave Antennas for

Avionics 15 p (SEE N87-23859 17-32) Apr. 1987
N89-1B597# Royal Aircraft Establishment, Farnborough (AGARD-LS.151) Avail: NTIS HC A08/MF A01
(England). Pnnted circuit antennas are being used on a variety of

DETERMINING THE AZIMUTHAL DISTRIBUTION OF NOISE spacecraft. arcraft. and projechles where their low profile and
AND INTERFERENCE ACROSS THE HF SPECTRUM AT THE contormability minimize interference with the structural and
RAE RECEIVING STATION, COBBETT HILL, SURREY, aerodynamic properties of the vehicle. The basic microstrip antenna
ENGLAND has been studied extensively, but some important aspects of its
H L SPONG In AGARD. Effects of Electromagnetic Noise and performance are not yet characterized by the analyses that are
Interference on Performance of Military Radio Communication available to the designer. Furthermore, new applications in
Systems 14 p ;SEE N89-18565 11-32) Dec. 1988 millimeter wave monolithic phased arrays are forcing the designer
(AGARD-rP-420) Avail: NTIS HC Al8/MF A01 to use substrates that are electrically thick and that may have a

An increasing interest in techniques for nulling out unwanted high permittivity. Several characteristics of microstrip antennas are
signals and interference in the HF band makes it more important described and some that are being studied with the aim of improving
to establish not only the magnitude of the signals but the direction antenna performance are identified. A brief descnption of analysis
from which they are emanating and whether they are of a techniques available to the designer and researcher are presented

spasmodic or continuous nature. The Royal Aircraft Establishment Finally, several aspects of monolithic and integrated phased arrays

iRAE) has been anxious for some time to build up a data base of are considered General properties of these arrays are discussed,
such information from which statistical trends may be derived and and then several architectures and their associated printed circuit
applied to research into more effective HF communications systems radiators are presented. Author
for the Royal Air Force. Given here is a simple outline Of a

measurement system tuilt around a Multi-Vee antenna, a Rohde
and Schwarz ESH3 measurement receiver and a Hewlett Packard
HP9836 computer all installed at the RAE Receiving Station,
Cobbett Hill The various formats avuaole on the HP9836 computer f'.*7-26,qWu4 ERA Ltd., Leatherhead (England). Applied Physics

for displaying the data, for example, Signal versus Time and Signal Dept.

versus Direction, etc. are given. Data acquired form this system RADIATION CHARGING AND BREAKDOWN OF INSULATORS

has so far been based upon two measurement methods. The first D. K. DAVIES In AGARD. The Aerospace Environment at High

takes up to live frequencies of interest across tI , band and Altitudes and its Implications for Spacecraft Charging and

measures these at the same time or times on consecutive days Communications 7 p (SEE N87.26937 21-18) Mi.y 1987

ir, an effort to determine the constancy or otherwise of the direction (AGARD-CP-4O6) Avail: NTIS HC Al 3/MF AOl

and magnitude of the int; ering signals The second approach An experimental investigation of the charge produced by
has been to evaluate the measurement system as a means of photo-emission from insulators in vacuo is described. It is shown
gathering data on channel occupancy. Author that the emission from materials commonly used in spacecraft

construction, such as polyimide, as well described by solid state
theory, but that externally applied fields modify both the emission

33 dynamics as well as the eventual saturation charge density The
energetics of the electn breakdown of such charged surfaces is

ELECTRONICS AND ELECTRICAL ENGINEERING analyzed. Author

Includes test equipment and maintainability; components. e.g..
tunnel d-odes and transistors: microminiaturization; and integrated
circuitry. N87-26959# Atomic Energy Research Establishment, Harwell

(England).
SURFACE MODIFICATION TO MINIMISE THE ELECTROSTATIC

N87-22094# Advisory Group for Aerospace Research and CHARGING OF KAPTON IN THE SPACE ENVIRONMENT

Development, Neuily-Sur-Seine tErancel. Avionics Panel. D. VERDIN and M. J. DUCK In AGARD, The Aerospace

THE POTENTIAL IMPACT OF DEVELOPMENTS IN ELECTRONIC Environment at High Altitudes and its Implications for Spacecraft

TECHNOLOGY ON THE FUTURE CONDUCT OF AIR WARFARE, Charging and Communications 12 p (SEE N87-26937 21-18) May

VOLUME 3 1987 Sponsored in part by the Royal Aircraft Establishment,
Dec. 1986 119 p Proceedings of the AGARD Avionics Panel Farnborough. England
Workshop, The Hague. Netherlands, 21-25 Oct. 1985 (AGARD-CP.406) Avail: NTIS HC A13/MF AOl
(AGARD-AR-232VOL.3; ISBN-92.8351541-2: AD-A178424) The electrostatic charging of Kapton under electron irradiation

A-1Ni. WiC H, A06/MF A01 is reduced by coating it with a dispersion of indium oxide in a
Advances in microelectronics have resulted in circuit densities solublo polyrnide. The propr-tion of oxide in the coating and its

many orders of magnitude greater than in current usage, making thickness are chosen to give an optimum balance between the

possible higher speed circuitry and greater storage capacity. RF surface resistivity and the thermo-optical properties of the film.
techniques are also leading to monolithic microwave integrated Author

circuits and microstrip antennas with corresponding reductions in
size and weight In addition, rapid advances are taking place in
computer architecture and software that will provide improved
information processing and control. This, coupled with progress in
artihcial intelligence and man-machine interface, offers piomise of N88-10809# Flectronique S~ee Dassault. Saint Cloud (France)

greatly improved battle management in the cocpspl The scale o DEDALE: AN EXPERT SYSTEM FOR ANALOG CIRCUIT

changes is such teat the nature of air warfare should be significantly MAINTENANCE
affected over the next twenty years This study examined the MICHEL MUENIER and PHILIPPE DEVES In AGARD, Knowledge

potential of electronic technology and potential benefits such as Based Concepts and Artificial Intelligence: Applications to Guidance
improvements in information processing, reduction in size and and Control 12 p (SEE N88-10806 02-08) Aug. 1987

weight, increased reliability and maintainability: determined the (AGARD-LS.155) Avail: NTIS HC A07/MF A01
applicability of such improvements to avionics and command and DEDALE is an expert system designed to cover the diagnostic
control systems and such functions as navigation and guidance, phase of an analog circuit. DEDALE allows the fast and intelligent

communications, surveillance, cockpit engineering and electronic identification of circuit faults. Its ability is not limited to a few

warfare, and examined the impact on air warfare in the time penod circuits; it is able to troubleshot fairly quickly any new circuit with
2000 to 2010 Author minimum initial knowledge Author
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N88-23792# Naval Weapons Center, China Lake, CA. 34
Microelectronics Branch
MICROELECTRONICS THE NEXT FIFTEEN YEARS FLUID MECHANICS AND HEAT TRANSFER
DEAN WALLACE /n AGARD, The Design, Development and
Testing of Complex Avionics Systems 5 p (SEE NS8-23767
17-06) Dec. 1987 Includes boundary layers; hydrodynamics; fluidics. mass transfer

(AGARD-CP-4t7) Avail: NTIS HC At8/MF A01 and ablation cooling.

Some future trends in microelectronics are predicted The focus
is on CMOS integrated circuit technology. CMOS is presently the
leading integrated circuit technology, and all trends show that it N86-29068# Royal Military Coll. of Science, Shrivenham

will continue to dominate the integrated circuit market in the future. (England), School of Management and Mathematics.

Twin tub and silicon on insulator (SO), identilievf as the two leading PRESSURE WAVE: GUN BARREL INTERACTIONS

CMOS lechnologies in the future, are examined. These two A.B. CROWLEY and W. P. C. KING In AGARO Intenor hallistics

technologies have the capability of giving maximum CMOS device of Guns 11 p (SEE N86-29063 20-31) Jan. 1986

performance. With device geometries shrinking, the problems (AGARD-CP-392) Avail: NTIS HC AO/MF A01

associated with scaling are introduced, and some possible solutions The interaction of pressure waves generated during the internal

are examined, A brief description is given ot some fundamental ballistics cycle with the vibrations of a tank barrel, and the possible

limits in integrated circuit technology. Author effects on accuracy, are described. The investigation is based on
codes simulating the complete internal ballistics cycle, including
the venting of gases after shot exit, and the longitudinal and flexural
vibration modes of the barrel, both of which were developed at
the Royal Military College of Science. The computative effects of
pressure waves on both accuracy and structural integrity are
discussed for a number of different chargo and barrel
configurations. Author

N89-17695# Aeritalia S.pA., Turin iltaly) Combat Aircraft

Groip N86-29071# Ecole Royale Militaire, Brussels (Belgium) Dept
A STUDY TO OPTIMIZE THE CFRP-AL MECHANICAL JOINT of Applied Chemistry.
IN ORDER TO REDUCE ELECTRICAL RESISTANCE INTERIOR BALLISTICS OF SMALL ARMS: PARTICULAR
F CIPRI and M. PELOSI In AGARD, Behaviour and Analysis of PROBLEMS. PART 1; HEAT TRANSFER AND COOK-OFF
Mechanically Fastened Joints in Composite Structures 11 p (SEE PHENOMEN IN A SMALL CALIBER WEAPON
N89-17685 10-31) Mar. 1988 R. MEYSMANS In AGARD i.,terior Ballistics of Guns 10 p
LAGARD-CP.427) Avail; NTIS MC Af4/MP A01 (SEE N86-29063 20-31) Jan. 1986

The aim is to show what could be the kind of joints that would (AGARD.CP-392) Avail NTIS HC A10/MF A0l
reduce the electrical resistance when a carbon fiber reinforced The first rzults obtained since beginning in 1983 are
structure has to be jointed with an aluminum part. Assembly of summarized. Induction periods and critical temperature, measured
specimens has been considered in fixed and removable during salvo-iring in a small caliber weapon are compared with
configurations. The materials used to prepare the specimens to the values theoretically predicted by means of a mathematical
be jointed were carbon fiber reinforced plastic F263-T300 Fabric model, describing as correct as possible what happens in the
3KOPW and Aluminum alloy 2024 - T3, Author combustion chamber. The utnvlrmnation of some physrco-i:;emcly

parameters, to be used in the mathematical model. is discussed
Author

N86-29072# Ecole Royale Militaire Brrissels (Belqium) Dept
of Armament and Ballistics.
INTERNAL BALLISTICS OF SMALL ARMS: PARTICULAR

N89-18468# Oce Nederland B V, Venlo PROBLEMS. PART 2: THERMODYNAMIC MODEL, POWDER
BUILT-IN SELF TEST PARAMETERS. INITIATION
B. JANSEN and A, J, VANDEGOOR (technnsch, Hogc-hool. E CELENS In AGARD Interior Ballistics of Guns 23 p (SEE
Delft, Netherlands I In AGARD. Software Engineering and Its N86-29063 20-31) Jan. 1986
Application to Avionics 16 p (SEE N89-18446 11-06) Nov. 1988 (AGARD-CP-392) Avail NTIS HC AtO/MF A01
(AGARD-CP-439t Avail; NTIS HC At6/MF A01 The applicability of the thermodynamic model was studied in

Because of the increasing complexity of digital circuits, it is small caliber weapons The use of appropriate computer agonthms
becoming more and more difficult to determine whether a circuit for optimal exploitation of closed vessel trials was examined To
is correct or faulty Faults in a circuit can hardly be detected just better understand the initiation phase, the working of primary high
by looking at the outside what the reaction of the circuit is to a explosive compounds was studied by visualizing the ignition
certain input sequence. Fault tolerant computing can be a solution, phenomenon in a transparent chamber The results obtained in
Built-In Self Test (BIST) techniques can also be used to venty these studies are summarized BG
whether the circuit is correct, not only during normal operation.
but also during the early development periods. The result of using N8-29074# Fraunhofer-Inst tuer Kurzzeitdynamik. Weil am Rhein
BIST techniques is a considerable reduction of time between design (Germany, F.R.). Abterlung fuer Balfistik.
and the final product, and a reduction of maintenance time and MEASUREMENT OF IMPORTANT BALLISTIC FLOW
cost BIST is a test method of which the circuit can separate PROPERTIES BY SPECTROSCOPIC TECHNIQIES
-tself from the surrounding logic, and perform a test After the sell G KLINGENBERG In AGARD Interior Ballistics si Guns 15 p
test, the circuit reports to the surrounding logic whether it is correct. (SEE N86-29063 20-31) Jan. 1986
The advantage of BIST is that it is a universal and systematic (AGARD-CP-392) Avail NTIS HC At0/MF AOt
test method with a solid mathematical foundation Based on the Cu.isiderable progress was made in recent years in probing
stuck-at fault model, it is possible to compute the fault coverage, the gun interior ballistics cycle and the subsequent muzzle flow
which is the number of faults detected by the BIST method The dynamics. With the amount of experimental research done, more
theory of BIST is described A circuit is divided into combinational detailed information was obtained to describe the many
and se 'uential parts, which are tested separately The sequential complexities of the flow phenomena which are asso.iated with
parts are tested with a so-called scan-path test Alternative test the discharge of a weapon A survey of some of the experimental
methods to test the combinational parts are driscribed The method research is reviewed, pointing out the capabilities as well as the
to compute the number of patterns needed to detect all faults limitations and constraints encountered in ballistic environments
with a certain probability as function ol complexity of the circuit is The experimental diagnostics described includes spectroscopic
green The theory of CRC signature analyzers, and the probability techniques for measuring the temperature and gas velocity in
of masking are also described and illustrated with some examples, reacting two-phase flows produced by the combustion of both
which zan directly be used in practice Author solid and liquid propellants These techniques are the emission
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and/or absorption methods, reversal and Abel inversion methods, and the interaction between the control surface and the nozzle
and laser Doppler spectrometry. In particular, an intrusive emission wall is examined. Comparisons with experimental results are carried
gauge technique is described which permitted the thermometric out It is shown that the numerical simulation Of the flow through
probing of optically thick propellant gases in highly pressunzed the nozzle system with the let control surface permits the accurate
combustion chambers. Sample results of these measurement will prediction of the thrust vector deviation due to control surface
be presented. In addition, efforts directed towards the adequate deflection, whereas the axial thrust loss is estimated low Author
simulation of reacting ballistic flows by mean of a gas gun simulator
are descnbed. Author N87-20213# Dornier-Werke GCm.bH.. Friedrichshafen (Gernany,

F R.(. Theoretical Aerodynamic Group.
Nak,-29075# Concentration, Heat and Momentum Ltd.. London NUMERICAL SIMULATION OF INTERNAL AND EXTERNAL
,(gland). INVISCID AND VISCOUS 3-D FLOW FIELDS
MODELLING THE BEHAVIOUR OF ADDITIVES IN GUN STEFAN LEICHER In AGARD Applications of Computational
BARRELS Fluid Dynamics in Aeronautics 27 p (SEE N87-20199 13-02) Nov
N. RHODES and J. C. LUDWIG In AGARD Interior Ballistics of 1986
Guns 11 p (SEE N86-29063 20-31) Jan. 196 (AGARD-CP-412) Avail: NTIS HC Atg/MF A01
IAGARD-CP-392) Avail: NTIS HC At0/MF AOl A numerical method for solving the 3-D Euler equations in

A mathematical model which predicts the flow and heat transfer geometrical complex domains was developed. The approach
in a gun barrel is described. The model is transient, two-dimensional divides the computational space into multiple blocks whose
and equations are solved for velocities and enthalpies of a gas structure follows the natural lines of the conficuration. A systematic.
phase, which anses from the combustion of propellant and cartridge multi-block grid generation scheme is used to produce the gnd.
case, for particle additives which are released from the case; The flow solutions are obtained by solving the Euler equations by
volume fractions of the gas and particles. Closure of the equations a finite volume discretization and a Runge-Kuffa time stepping
is obtained using a two-equation turbulence model. Preliminary scheme. The main advantage of this method is the applicability to
calculations are descnbed in which the proportions of particle complex geometnes, for example complete aircraft configurations
additives in the cartridge case was altered. The model gives a including wing, fuselage, canard and tail. The coupling with a 3-D
good prediction of the ballistic performance and the gas to wall boundary layer method allows to account for viscous effects
heat transfer. However, the expected magnitude of reduction in Another application for the method was the simulation of flows in
heat transfer when particles are present is not predicted. The the presence of a propeller. Author
predictions of gas flow invalidate some of the assumptions made
regarding case and propellant behavior during combustion and N87-20222*# National Aeronautics and Space Administration
further work is required to investigate these effects and other Ames Research Center, Moffett Field. CA.
possible interactions, both chemical and physw"al, between gas USING THE BOUNDARY-LAYER EQUATIONS IN
and particles Author THREE-DIMENSIONAL VISCOUS FLOW SIMULATION

N86-29173# Advisory Group for Aerospace Research and WILLIAM R. VANDALSEM and JOSEPH L. STEGER In AGARD

Development, Neuilly-SurSeine (France). Fluid Dynamics Panel. Applications of Computational Fluid Dynamics in Aeronautics 12

SHOCK-WAVE BOUNDARY LAYER INTERACTIONS p (SEE N87-20199 13-02) Nov 1986 Previously announced as

J DELERY (Office National d'Etudes et de Recherches N86-28061

Aeronautiques. Paris, France), J G. MARVIN (National Aeronautics (AGARD-GP.412) Avai: NTIS HC Atf/MF A0t

and Space Administration. Ames Research Center, Moffett Field, A simple and computationally efficient algothm for solving the
Calif.), and E. RESHOTKO (Case Western Reserve Univ. unsteady three dimensional boundary laver equations in a time
Cleveland. Ohio) Feb. 1986 223 p accurate or relaxation mode is presented. The algorithm is used
(AGAR-AG-280. ISBN-92-835-1519-6; AD-At71302) Avail: to compute the separated flow over a 6:1 elipscn at angle of
NTIS HC AOINMF A01 attack and the transonic flow over a finite wing with shock induced

Presented is a comprehensive, up to-date reviev, of the separation. These results are compared to available experimental

shock-wave boundary-layer interaction problem. A detailed physical data. A method of using the boundary layer algonthm to accelerate

description of the phenomena for transonic and supersonic speed a Navier-Stokes computation is also presented Lxample
regimes is given based on experimental observations. corrc!ations, computations indicate that a boundary layer algonthm can be used

and theoretical concepts. Approaches for solving the problem are to improve both the accuracy and efficiency of a Navier-Sfokes
then reviewed in depth. Specifically. these include: global methods algorithm. Author
developed to predict sudden changes in boundary-layer properties;
integral or finite-difference methods developed to predict the N87-20223# Office National d'Etudes et de Recherches
continuous evolution of a boundary-layer encountering a pressure Aeronautiques. Paris (France)
field induced by a shock wave; coupling methods to predict entire COMPUTATION OF THREE-DIMENSIONAL FLOWS BY
flow fields: analytical methods such as multi-deck techniques; and VISCOUS-INVISCID INTERATION USING THE MZM METHOD
fnite-difference methods for solving the time-dependent M. LAZAREFF and J. C. LEBALLEUR In AGARD Applications
Reynolds-averaged Navier-Stokes equations used to predict the of Computational Fluid Dynamics in Aeronautics 15 p (SEE
development of entire flow fields. Examples are presented to N87-20199 13-02) Nov. 1986 In FRENCH; ENGLISH summary
illustrate the status of the various methods and some discussion (AGARD-CP-412) Avail NTIS HC Ar9/MF A01
is devoted to delineating their advantages and shortcomings. The MZM numerical method (Multi-ZonalMarching previously
Reference citations for the wide variety of subject material are suggested for solving the hyperbolic set of equations of the viscous
provided for readers interested in further study Author layers, and the three dimensional turbulent mean velocity profiles

modelling suggested for computing separated flows over infinite
N87-20212# MATRA Service Aerodynamique. Velizy-Villacoublay swept wings, have lead to the development of a very general
(France) three dimer -onal boundary layer method, fit for use on complex
SIMULATION OF A JET DEFLECTION SYSTEM WITH THE AID geometries, with any prescribed structured mesh. in view of a
OF THE EULER EQUATIONS ISIMULATION D'UN SYSTEME viscous-inviscid interaction analysis. The method was used
DE DEVIATION DE JAT A L'AIDE DES EQUATIONS D'EULER) successfully for computing traisonic wings without separation, with
M BREDIF. J J CHATTOT. C. KOECK, and P WERLE In solution of the coupling and rigorous integration of the boundary
AGARD Applications of Computational Fluid Dynamics in layer equations starting from the stagnation point New results
Aeronautics 11 p (SEE N87-20199 13-02) Nov 1986 In are here presented, without coupling, for configurations of ellipsoids
FRENCH of revolution, or flattened ellipsoids, at 30 deg or 60 deg of
(AGARD-CP-4t2) Avail NTIS HC AI9/MF A0l incidence. and for a geometry of the slender lihting-body type at

The solution method for the Euler equations is applied to the 30 deg of incidence and 10 deg of yaw angle, with a quasi-total
calculation of nozzle flow in missiles fitted with iet control surfaces accessibility of the computation domain These boundary-
The approach utilied, an explicit finite vo;ume method with layer-alone oalculation, display a flow structure which
convergence acceleration through the multignd technique, is briefly exhibits a strong analog with accumulations lines, the numencal
described The numerical results obtained are analyzed in detail solution giving access to both sides of these lines Author
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NBI-21182# Deutsche Forschungs- und Versuchsanstat tees descending part of the hump. The flow in the interaction region
Luff- und Raumfahrt, Cologne (Germany. F.R.). Inst. fuer was carefully analyzed by using, in particular, a three-color LDV
Antnebstechnik. system. The tests brought Out a strongly three-dimensional flow
EVALUATION OF L2F-MEASUREMENTS IN UNSTEADY structured very differently from the one observed in 2-0 channel
TURBINE FLOW flows. It was revealed that in the presence of the strong adverse
W. FOERSTER, R. SCHOOL, and H, KRUSE In AGARD Advanced pressure gradient of the shock, a 3-D boundary layer tends to
Instrumentation for Aero Engine Components 12 p (SEE thicken less than a 2-D boundary layer, since the flow can
N87-21170 14-31) Nov. 1986 reorganize in a much more complex fashion in the three directions
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 of space The precise data obtained were analyzed to arrive at a

The L2F.velocimeter is a suitable device with which to perform better understanding of the phenomena from a physical point of
experimental studies on instaionary effects in turbomachines. The view, and also constitute a data base for validating the calculation
execution and the evaluation of L2F-measurements within and models being developed. Author
near the rotor blade channel of a single-stage, cold air test turbine
are discussed. The measurements provide information on N87-21933# Cambridge Univ. (England). Dept. of Engineering.
instantaneous distribution of the 2-0 flow vector as well as the EXPERIMENTAL OBSERVATIONS ON AN UNSTEADY, NORMAL
components of random fluctuating velocity. The turbine rotor flow SHOCK/BOUNDARY LAYER INTERACTION
is penodically unsteady because of the upstream inlet guide vanes. In AGARD Transonic and Supersonic Phenomena in
In order to ensure the almost complete reconstruction of all possible Turbomachines 14 p (SEE N87-21927 15-07) Mar. 1987
rotor-to-stator orientations, the discrete measurements are (AGARD-CP-401) Avail: NTIS HC A16/MF A01
evaluated by combining a local and chronological interpolation An experiment is described in which a normal shock interacts
procedure. A discussion of experimental uncertainties in this with the natural turbulent wall boundary layer in a parallel sided
application of the L2F-technique is included. Author duct at Mach 1 3 and 1.5. The shock wave is vibrated in symmetnc

fashion by a rotating cam mountxd in the tunnel diffuser. The
N07-21185# Instituto Superior Tecnico, Lisbon (Portugal). Dept. design of this experiment, particularly, the efforts to obtain a pure
of Mechanical Engineering. forcing signal, is discussed. Shock motion analysis at reduced
THE FLOW AROUND A SQUARED OBSTACLE frequencies of order 0.2 to 2 and amplitude parameters of 2 to
0. F. G. DURAO, M. V. HEITOR, and J. C. F. PEREIRA In 20 percent (based on equivalent chord) is presented. Unsteady
AGARD Advanced Instrumentation for Aaro Engine Components surface pressure measurements under the interaction were made
13 p (SEE N87-21170 14-31) Nov. 1986 and demonstrate that there is negligible phase change between
(AGARD-CP-399) Avail: NTIS HC A24/MF A0l the shock motion and the surface pressures It appears reasonable

Laser-Doppler measurements of the velocity distribution around to utilize quasi-steady assumptions in the calculation of the surface
and in the wake of a two-dimensional squared obstacle for pressures at the low frequency conditions tested Author
Re 1400 i are reported. The results were measured with a counter
intertaced with a microprocessor. The counter was built based on N87-21939# Office National d'Etudes et de Recherches
a specific design to quantify and diminish errors resulting from Aerospatiales, Paris (France).
bias sources In addition the periodic characer of the flow in the NUMERICAL VISCOUS-INVISCIDINTERACTION METHOD FOR
wake was characterized hy measurements of turbulence spectra INTERNAL SEPARATED FLOWS AND SHOCK WAVE-
with Fast Fourier Transf)rmafion instrumentation. The values of BOUNDARY LAYER INTERACTION
the predominant frequencies were correlated with the flow Reynolds J. C. LEBALLEUR and D. BLAISE In AGARD Transonic and
number. Author Supersonic Phenomena in Turbomachines 20 p (SEE N87-21927

15-07 Mar. 1987 In FRENCH; ENGLISH summary
N87-21193# Von Karman Inst. for Fluid Dynamics, (AG RD-CP-401) Avail: NTIS HC A16/MF AOl
Rhode-Saint-Genese (Belgium). A calculation method for internal transonic separated flows,
DIGITAL IMAGE PROCESSING APPLIED TO FLUID DYNAMIC and for shock wave-boundary layer interactions, is presented It is
PROBLEMS based on developments in indirect numerical solvers with

viscous-inviscid splitting, well conditioned at high ReynoldsJM. BLCHLIN In AGARD Advanced Instrumentation for Aero numbers. The viscous (lows are calculated with the defect

Engine Components 10 p (SEE N87-211 70 14-31) Nov. 1986 numben Theous here simplifi ed with th e defct
IAGARD-CP-399) Avail: NTIS HC A24/MF Ao1 formulation theory, here simplified with thin layers approximations

Applications of visualization techniques associated with Digital compatible with an integral method, The direct and semi-inverse
Image Processing in fluid dynamics are discussed. Two typical strong coupling methods, and the direct and invers .defect integral
fluid flow problems of interest for propulsion are selected to methods with turbulence models involving 0, 1, or 2 integral
illustrate the purpose. The mixing properties of the jet are transport equations, which were previously suggested for airfoils
discussed. Laser omography and light scattering from flows, were generalized to internal flows for which the inviscid
dicussd.Lse om ogreaptoh qantlightscatng fm field requires the use of an Euler solver. Results are obtained for
micro-droplets of oil lead to the quantification of fhe three turbulent flows in transonic shocked channels with backpressure,
dimensional concentration field. The local heat transfer distribution involving multiple shock wave-boundary layer interactions, and
on a heated surface from oblique and co-liner impinging jets is n or euftnie separations.uTdermethod istalsoappliedato
discussed. Thermographic imaging system is used. Digitized incipient or extensive separations. The method is also applied to
infrared pictures are processed to provide local and average values supersonrc shock wave-boundary layer interactions, for
of the heat transfer coefficients. Author compression ramps or shock wave-reflexions. First results obtained

for computing viscous flows in cascades are presented. Author

487-2192S# Office National d'Etudes et de Recherches N87-21946# Office National d'Etudes et de Recherches
Aerospatiales. Paris (France). Aerospatiates, Paris (France).
FUNDAMENTAL STUDIES ON SHOCK-WAVE/ MODELING HIGH REYNOLDS NUMBER INTERNAL FLOWS BY
BOUNDARY-LAYER INTERACTIONS IN A 3-0 CHANNEL NUMERICAL SOLUTION OF THE NAVIER-STOKES EQUATIONS
R. BENAY, T. POT, and J DELERY In AGARD Transonic and ICALCUL D'ECOULEMENTS INTERNES A GRAND NOMBRE DE
Supersonic Phenomena in Turbomachines 20 p (SEE N87-21927 REYNOLDS PAR RESOLUTION NUMERIQUE DES EQUATIONS
1 u-07) Mar. 198 In FRENCH; ENGLISH summary Original DE NAVIER-STOKESI
language document was announced in IAA as A87-21068 L. CAMBIER, B. ESCANDE, and J.-P VEUILLOT In AGARD
(AGARD-CP-401) Avail: NTIS HC A16/MF A01 Transonic and Supersonic Phenomena in Turbomachines 20 p

Detailud experimental data on shock-wave/boundary-layer (SEE N87-21927 15-07) Mar 1987 In FRENC- Original
interaction in 3- flows is still relatively scarce This fact brueght languce document was announced in IAA as A87-21030
ONERA to undertake experiments in view of producing as complete (AGARD-CP-401) Avail: NTIS HC A16/MF A01
a literature as possible on a three-dimensional transonic channel A finite difference approach is taken for solving the
flow with shock. The test set-up is a channel with a 100 x 120 time-averaged Navier-Stokes equations for high-Re turbulent flows
mm inlet section. The lower wall of the channel is humped while Subgrid-scale features are inc.rporaied into the calculations to
the other three faces are flat In operation, a continuous supersonic account for phenomena in viscour thin layers, and a turbulence
flow is started and shock recompressions formed on the mod-l which includes two transpo. k iqualions is defined to descnbe
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turbulence along the mixing length. The spatial discretization is introduction includes the development of two- and
performed using the Green's function integrated along the flow three-dimensional simulation methods and is followed by a
contours. Results are provided from sample calculations for a Re discussion of the results in shear layers, trailing far wakes,
= 80,000 flow through a row of compressor blades. Additionally, aerodynamical profile flow simulation with spoiler and the simulation
comparisons are made of different turbulence models for a shock of three-dimensional structures in wakes. Author
wave-boundary layer interaction. IAA

N87-22140# Defense Indusbris Uirectorate, Athens (Greece).
N87-21948# Office National d'Etudes at de Recherches SIMULATION OF IMPINGING SHEAR LAYERS USING VORTEX
Aerospatiales, Paris (France). DYNAMICS
DETERMINATION OF THE SUPERSONIC CASCADE ENTRANCE ARGYRIS G. PANARAS In AGARD Round Table Discussion on
ZONE (DETERMINATION DE LA REGION DE CAPATION D'UN Modelling of Time-Variant Flows Using Vortex Dynamics 26 p (SEE
GRILLE D'AUBES SUPERSONIOUE) N87-22137 15-34) Feb. 1987
GEORGES MEAUZE In AGARD Transonic and Supersonic (AGARD-AR-239) Avail: NTIS HC A06/MF A01
Phenomena in Turbomachines 12 p (SEE N87-21927 15-07) Mar. Organized vortices have been observed within the oscillating
1987 In FRENCH; ENGLISH summary shear layers that impinge on a surface. It is believed that the
(AGARD-CP-401) Avail: NTIS HC A16/MF A01 feedback force necessary for the generation of these vortices is

Incidence phenomenon, well known for supersonic straight produced by their interaction with the reattachment surface. In
cascades, is analyzed and extended in the general case of a the present work, models for studying the interaction of lines or
cascade of a stream-surface with variable radius and thickness, of finite-area vortices with edges thai bimulate cavity-type of flows
The special configuration of a radial cascade is studied in detail, or edge-tones are examined. According to the analysis, the
From this analysis, it is possible to point out some rules for the interaction of vortices with an edge induces periodic pressure
optimization of the entrance part of supersonic cascades, fluctuations similar to those measured in oscillating flows. Also,

Author when the geometry of an edge is such that no oscillation has
been observed, the amplitude of the induced pressure pulses is

N87-22137# Advisory Group for Aerospace Research and insignificant. Thus, the hypothesis about the role of the vortex/edge
Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel. interaction is supported. Author
ROUND TABLE DISCUSSION ON MODELLING OF
TIME-VARIANT FLOWS USING VORTEX DYNAMICS N87-22141# Politecnico di Torino (Italy). Dept. of Aerospace
Feb. 1987 104 p In ENGLISH and FRENCH Discussion held Engineering.
in Aix-en-Provence, France. 10 Apr. 1986 VORTEX DYNAMICS-SURVEY OF THE ACTIVITY IN ITALY
(AGARD-AR-239; ISBN-92-835-0405-4; AD-A179039) Avail: M. GERMANO In AGARD Round Table Discussion on Modelling
NTIS HC A06/MF A01 of Time-Variant Flows Using Vortex Dynamics 6 p (SEE N87-22137

In recent years there has been a marked growth in the 15-34) Feb- 1987
applications of vortex dynamics to time-varying flows, usually (AGARD-AR-239) Avail: NTIS HC A06/MF AOl
involving separated regions with vortical structures. The flow models The activity in modelling time variant flows using vortex
are based on distributions of vortex elements which may vary in dynamics is at present very limited in Italy koreovr the=
complexity. This Report is a compilation of invited papers on the contributions are principally in fundamental areas or in areas outside
topic presented at the AGARD Fluid Dynamics Panel Round Table the aeronautical field. Author
Discussion held in Aix-en-Provence, France, in April 1986. The
papers cover current and projected developments in France, N87-22142# National Aerospace Lab., Amsterdam
Germany. Greece, Italy, Netherlands, UK and USA. The Report (Netherlands).
provides a good overall view of the state of the art of the topic, MODELLING OF TIME-VARIANT FLOWS USING VORTEX
covering both the achievements and the deficiencies requiring DYNAMICS-ACTIVITIES IN THE NETHERLANDS
future research. The outstanding problems center on how the H. W. M. HOEIJMAKERS In AGARD Round Table Discussion
effects of viscosity can be realistically modelled, particularly in on Modelling of Time-Variant Flows Using Vortex Dynamics 9 p (SEE
three dimensional flow, and what might be done to deal with the N87-22137 15-34) Feb. 1987
effects of compressibility. For individual titles, see N87-22138 (AGARO)-AR-239) Avail: NTIS HC A06/MF A01
through N87-22144. Activitieb in the Netherlands in the area of simulating low-speed

flows using vortex elements are summarized. Aspects of some of
N87-22138# Advisory Group for Aerospace Research and the methods developed are highlighted and plans for future work
Development, Neuilly-Sur-Seine (France). are indicated. Author
COMPUTATION OF UNSTEADY FLOWS USING THE POINT
VORTEX METHOD [CALCUL D'ECOULEMENTS N87-22143# Cambridge Univ. (England). Dept. of Engineering.
INSTATIONNAIRES PAR LA METHODE DES TOURBILLONS FLOW MODELS USING VORTEX DYNAMICS: WORK IN THE
PONCTUELS] UNITED KINGDOM
Y. MORCHOISNE In AGARD Round Table Discussion on D. J. MAULL In AGARD Round Table Discussion on Modelling
Modelling of Time-Variant Flows Using Vortex Dynamics 15 p (SEE of Time-Vanant Flows Using Vortex Dynamics 18 p (SEE
N87-22137 15-34) Feb. 1987 In FRENCH N87-22137 15-34) Feb. 1987
(AGARD-AR-239) Avail: NTIS HC A06/MF A01 (AGARD-AR-239) Avail. NTIS HC AOG/MF A01

The computation of unsteady flow of nn inviscid, incompressible A review is given of work in the United Kingdom on vortex
fluid around wing, rotor, or fuselage conigurations may be carried dynamics. This method of modelling separated flows is applied to
out with the vanous singularity methods. The object of this report unsteady flow around aerofoils, bluff bodies, boundary layers and
is to bnefly descnbe the doublet-point vortex methods and discuss pollution studies. Many applications are given and some of the
some applications which have been recently investigated including difficulties in using the method described. Author
a double delta wing, a rotor in forward flight, a helicopter fuselage,
and a helicopter in forward flight. M.G. N87-22144# California Inst. of Tech., Pasadena.

RECENT ACTIVITY IN VORTEX METHODS IN THE UNITED
N87-22139# Deutsche Forschungs- und Versuchsanstalt fuer STATES
Lull. und Raumtahrt. Goettingen (Germany, FR.). Inst. for A. LEONARD In AGARD Round Table Discussion on Modelling
Theoretical Fluid Mechanics. of Time-Variant Flows Using Vortex Dynamics 10 p (SEE
VORTEX DYNAMICS: A REPORT ON WORK IN GERMANY N87-22137 15-34) Feb. 1987
H. OER (EL In AGARD Round Table Discussion on Modelling of (AGARD-AR-239) Avail: NTIS HC A06/MF A01
Time-Variant Flows Using Vortex Dynamics, 10 p (SEE N87-22137 Vortex methods for flow simulation continue to have a
15-34) Feb 1987 wide-ranging appeal as a means of developing a better
(AGARD-AR-239) Avail: NTIS HC A06/MF A01 understanding of a complex flow and, in many cases, obtaining

This article reviews the numerical work relevant to the vortex useful quantitative data. Part o. the appeal is in the relative simplicity
dynamics method carried out in Germany supplemented by results of the computer code that is required to do the job and, usually.
from the Franco-German Research Institute Saint Louis, ISL. The in the relatively low computational cost. For example, experience
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has shown that some fairly complex three-dimensional flows may N87-22148# National Aerospace Lab., Amsterdam
be simulated with a hundred or so vortex elements (sections of a (Netherlands).
vortex tube). Another aspect of the appeal is the visualization of THREE-DIMENSIONAL SHEAR LAYER EXPERIMENTS AND
the flow in terms of vortex dynamics, an aspect that aids in the THEIR USE AS TEST CASES FOR CALCULATION METHODS
physical understanding of the flow. In this paper, recent activity in B. VANDENBERG In AGARD Computation of Three-Dimensional
the United States concerning flow simulation with vortex methods Boundary Layers Including Separation 13 p (SEE N57-22145
is reviewed. We consider three main areas of effort: separated 15-34) Feb. 1987
flows in two-dimensions (Section 2), simulations using the method (AGARD-R-741) Avail: NTIS HC AO/MF AOl
of contour dynamics (Section 3) and three-dimensional flows Three-dimensional shear layer experiments are discussed with
(Section 4). Finally, in Section 5, we cite directions for future a view to those developing calculation methods. The emphasis is
efforts that look particularly promising. Author on the selection of useful experiments for comparisons with

calculations and the proper way to perform the comparisons. A
review of more recent three-dimensional shear layer experiments
is included. Author

N87-22145# Advisory Group for Aerospace Research and N87-22149# Office National dEludes at de Recherches

Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel. Aerospatiales, Toulouse (France).
COMPUTATION OF THREE-DIMENSIONAL BOUNDARY THREE-DIMENSIONAL LAYERS: LAMINAR-TURBULENT

LAYERS INCLUDING SEPARATION DANI N

Feb. 1987 218 p AGARD Special Course held in DANIEL ARNALrs In AGARD Computation of Three-Dimensional

Rhode-St-Genese, Belgium, 14-18 Apr. 1986; sponsored by the Boundary Laye Including Separation 34 p (SEE N87-22145

von Karmans15-34) 
Feb. 1987

(AGARD-R-741: ISBN-92-835-0407-; AD-A1790851 Avail: NTIS (AGARD-R-741) Avail: NTIS HC AtO/MF A01

HC ARO/MF A01 The first part of this paoer is devoted to a brief survey of

The Special Course on Computation 0f Three-Dimensional transition problems in two-dimensional flows. The main elements

Boundary Layers Including Separation was sponsored by the of laminar instability theory are presented and used for elaborating

AGARD Fluid Dynamics Panel and the von Karman Institute and some practical transition criteria. In three-dimensional situations,
presented at the von Karman Institute, Rhode-Saint-Genese. the problem is much more complex, because transition may occur
Belsium on a t o 18 April 1986. The Course presented a through streamwise instability, cross-flow instability or leading edge

comprehensive review of experimental aspects of three- contamination. It is assumed that the streamwise instability can
dimensional boundary layers with emphasis on the use of be studied by using two-dimensional results. On the contrary, the
lundamental experiments to improve models or turbulence and cross-flow instability and the leading edge contamination constitute
transition. A review 0f various calculation methods was given, typical features of three-dimensional flows, as it is illustrated by

transition. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e eriiwofvroscacltommtosws ie..ental results. The extension of linear stabilit theor to
including the calculation of transition and calculations which aid in experimty ry
aerodynamic design. mtacrical differential methods werediscussed these last problems is discussed, and trans;'-on criteria are
and viscous-inviscid interactive schemes and procedures were developed. Moreover an intermittency method allows the transition

reviewed Calculations of corner and tip region flows was covered region to be calculated. These techniques are applied to swept

in detail For individual titles, see N87-22146 through N87-22153. wings and bodies at incidence. Author

N87-22150# Messerschmitt-Boelkow-Blohm G.m b.H.. Munich

(Germany, F.R.).
EVALUATION OF RESULTS OF BOUNDARY-LAYER
CALCULATIONS WITH REGARD TO DESIGN AERODYNAMICS

N87-22146# Office National d'Etudes at de Recherches E. H. HIRSCHEL In AGARD Computation of Three-Dimensional
Aerospatiales, Toulouse (France). Dept. d'Aerothermodynamiqu- Boundary Layers Including Separation 29 p (SEE N87-22145
THREE-DIMENSIONAL BOUNDARY LAYERS: INTRODUCTION 15-34) Feb. 1987
TO CALCULATION METHODS (AGARD-R-741) Avail: NTIS HC A10/MF A01
JEAN COUSTEIX In AGARD Computation of Three-Dimensional The tools for the preprocessing of geometrical and inviscid
Boundary Layers Including Separation 49 p (SEE N87-22145 flow data for boundary-layer computations, and for the
15-34) Feb. 1987 postprocessing of the computed data are discussed. After a
(AGARD-R-741) Avail: NTIS HC A1o/MF A01 presentation of some important basic properties of

This paper gives an outline of problems encountered when three-dimensional boundary layers, the definition of coordinates,
faced with the calculation of three-dimensional boundary layers. the computation of the metric properties, and transformation laws
The various topics which are discussed are: geometry of axis are given. Then the relations for the boundary-layer parameters,
systems, boundary layer equations, global equations, nature of which are used in engineering work, like the wall-shear stress.
the system of equations, integral methods, singularities in boundary friction forces, skin-frictioii lines, displacement properties etc., are
layer calculations, numerical techniques, turbulence modelling, presented. They are complemented with applications from design

Author aerodynamics. The question what can be seen from boundary-layer
results with regard to separation is then addressed. Basic

topographical considerations are made, and basic topological rules
are demonstrated. Finally practical separation indicators which can
be applied to boundary-layer results are listed. Applications from

N87-22147# Imperial Coll. of Science and Technology. London design aerodynamics close the paper. Author
(England). Dept of Aeronautics.
PHYSICS AND MODELLING OF THREE-DIMENSIONAL N87-22151# Douglas Aircraft Co., Inc., Long Beach, CA
BOUNDARY LAYERS AN APPROACH TO PRACTICAL AERODYNAMIC
P. BRADSHAW In AGARD Computation of Three-Dimensional CALCULATIONS
Boundary Layers Including Separation 19 p (SEE N87-22145 TUNCER CEBECI In AGARD Computation of Three-Dimensonal
15-34) Feb. 1987 Boundary Layers Including Separation 40 p (SEE N87.22145
(AGARD-R-741) Avail: NTIS HC A10/MF A01 15-34) Feb. 1987

This section of the course is an introduction to the physics of (AGARD-R-741) Avail: NTIS HC AtO/MF A01
three-dimensional (3D) turbulent flows and a discussion of The emphasis of these lectures is on the numerical so in of
modelling - the use of experimental data in developing calculation three-dimensional boundary-layer equations using forms or Keller's
methods. Only conventional Reynolds-averaged calculation Box scheme and interaction with solutions of inviscid-flow
mxth-i -- I be diseussed: for simplicity. ci, diffc:;1ial methods, equations. Calculations a-c doocbu' for the flow over a circular
in which variables are predicted at each point in the boundary cylinder started impulsively tom rest and a prolate spheroid at
layer, will be treated, but similar principles should apply to integral angle of attack, and were obtained with prescribed free-stream
methods Author velocity distribution: the results emphasize the need for the
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Characteristic Box finite-difference scheme, which automatically viscous-inviscid interactiona. and methods for solving the
satisfies the numerical stability criterion, in regions of flow where Navier-Stokes equations. The 31 papers presented at the meeting
the w-velocity component is negative. Corresponding calculations, are published in AGARD Conference Proceedings CP-412 and
this time with a novel interactive method, are reported for the are listed in the Appendix to this report. A brief synopsis of each
flow over the leading edge of a thin ellipse, over an oscillating paper and some general conclusions and recommendations are
airfoil and around wings: the results confirm that the inter tive. given Author
procedure provides accurate solutions, without numencal problems,
in regions of flow separation. Author NSa-11968# Smith (A. M. 0.), San Mano, CA. Fluid Dynamics

Panel.
N$7-22152# Office National d'Etudes et de Recherches TECHNICAL EVALUATION REPORT ON THE FLUID DYNAMICS
Aerospatiales. Paris (France). PANEL SYMPOSIUM ON AERODYNAMIC AND RELATED
PROGRESS IN VISCOUS-INVISCID SOLVERS (VIS) HYDRODYNAMIC STUDIES USING WATER FACIUTIES
J. C. LEBALLEUR In AGARD Computation of Three-Dimensional A. M. 0. SMITH, J. W. SLOOFF, and A. ROSHKO (California Inst.
Boundary Layers Including Separation 3 p (SEE N87-22145 of Tech., Pasadena.) Aug. 1987 10 p
15-34) Feb. 1987 (AGARD-AR-225; ISBN-92-835-1556-0; AD-A187957) Avail:
(AGARD-R-741) Avail: NTIS HC A10/MF A01 NTIS HC A02/MF A01

The aim of these lectures was an introduction to the further The results of aerodynamic investigations performed in water
extensions of boundary layer theory, which rely on the development facilities were examined and reviewed. These facilities included
of full viscous-inviscid interaction solvers, in three-dimensional water tunnels, towing channels, and stationary tanks. It was
flows. At the present time, however, the state of the art still does observed that the use of water as a medium for both aerodynamic
not accommodate the full 3D-problem. It is more or less restricted, and hydrodynamic testing is gradually gaining wider acceptance.
on one hand, to advances in uncoupled 3D-boundary layer This meeting allowed specialists to gather and discuss their results.
problems, direct or inverse, and, on the other hand. to compare techniques, and find solutions to problems. Author
developments in full viscous-inviscid solvers for the 2D or quasi-3D
infinite swept wing flows, the latter developments involving the N88-11970# Advisory Group for Aerospace Research and

coupling and the calculation of quasi-3D closed separations. The Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
present lectures were mainly devoted to the developments obtained SPECIAL COURSE ON MODERN THEORETICAL AND
by the author and his colleagues in these two areas. These EXPERIMENTAL APPROACHES TO TURBULENT FLOW
developments were outlined after describing shortly the different STRUCTURE AND ITS MODELLING
strategies which can be used to split the Navier-Stokes problem Aug. 1987 263 p Course held in Rhode-St.-Genese Belgium,
into a viscous-inviscid interaction problem, in two or three 16-20 Mar. 1987; sponsored by the von Karman Inst. and

dimensions. Author AGARD
(AGARD-R-755; ISBN-92-835-0430-5; AD-A198872) Avail: NTIS

N87-22153# Scientific Research Ass. ates, Inc., Glastonbury, HC A12/MF A01
CT. The large eddy concept in turbulent modeling and techniques
COMPUTATION OF TIP AND CORNER REGION FLOWS for direct simulation are discussed. A review of turbulence mou.ling
T. R. GOVINDAM and H. MCDONALD In AGARD Computation is presented along with physical and numerical aspects and
of Three-Dimensonal Boundary Layers Including Separation 20 p applications. A closure model for turbulent flows is presented and
(SEE N87-22145 15-34) Feb. 1987 routes to chaos by quasi-periodicity are discussed. Theoretical
(AGARD-R-741) Avail: NTIS HC A10/MF A01 aspects of transition to turbulence by space/time intermittency

The flow field in corner and tip regions of wings and propellers are covered. The application to interpretation of experimental
is complex, three-dimensional, and viscous with large results of fractal dimensions and connection of spatial temporal
secondary/transverse velocities. The large secondary velocities, chaos are reviewed. Simulation of hydrodynamic flow by using
usually associated with streamwise vorficity development in the cellular automata is discussed. For individual titles, see N88-1 1971
flow, preclude the use of conventional boundary-layer solution through N88-11978.
techniques to compute such flow fields. On the other hand, solution
techniques for the full Navier-Stokes equations that adequately N88-11971# Stanford Univ., CA. Dept. of Mechanical
resolve the length scales of tip and corner region flow fields would Engineering.
require formidable computer resources for use routinely. Sets of FUNDAMENTALS OF TURBULENCE FOR TURBULENCE
approximate three-dimensional viscous flow equations which are MODELING AND SIMULATION
applicable to tip and corner region flow fields and which can be W. C. REYNOLDS In Advisory Group for Aerospace Research
solved economically are sought. Clearly, economy of solution must and Special Course on Modem Theoretical and Experimental
result from approximations to the governing equations for such Approaches to Turbulent Flow Structure and its Modelling 66 p
procedures to be attractive. A spatial marching computation (SEE N88-1 1970 03-34) Aug. 1987
procedure that solves approximate three-dimensional viscous flow (AGARD-R-755) Avail: NTIS HC A12/MF A01
equations economically is presented here and application of the A brief review is given of fluid flow fundamentals pertinent to
procedure to compute tip and comer region flow fields discussed, turbulence. Extensive use is made of the Cartesian tensor

Author summation convention, where repeated indices imply that the terms
containing them must be summed over all possible coordinate

N87-27958# Advisory Group for A:rospace Research and indices. Author
Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
TECHNICAL EVALUATION REPORT ON THE FLUID DYNAMICS N88-11972# Electncite de France. Chatou. Lab. National
PANEL SYMPOSIUM ON APPLICATIONS OF COMPUTATIONAL d'Hydraulique,
FLUID DYNAMICS IN AERONAUTICS TURBULENCE MODELLING THROUGH ONE POINT
W. J. MCCROSKEY (National Aeronautics and Space CLOSURES-APPLICATIONS-.ENLIGHTENING BY LARGE EDDY
Administration. Ames Research Center, Moffet Field, Calif.) Mar. SIMULATION
1987 24 p Symposium held in Aix-en-Provence, France. 7-10 D. LAURENCE In Advisoy Group for Aerospace Research and
Apr. 1986 Special Course on Modern Theoretical and Expenmental
(AD-A172209; AGARD-AR-240; ISBN-92-835-0416-X) Avail: Approaches to Turbulent Flow Structure and its Modelling 34 p
NTIS HC A02/MF A01 (SEE N88-1 1970 03-34) Aug. 1987

The Fluid Dynamics Panel of AGARD arranged a Symposium (AGARD-R-755) Avail: NTIS HC A12/MF A01
in Applications of Computational Fluid Dynamics in Aeronautics Reynolds stress and Low Re models for the modelling of
on 7 to 10 April 1986 in Aix-en-Provence France. The purpose of mhomogeneous flows are considered. They are shown to provide
the Symposium was to provide an assessment of the status of satisfactory predictions fur engineering flows. Near wall and
CFD in aerodynamic design and analysis, with an emphasis on buoyancy effects are also included. Results of large eddy
emerging applications of advanced computational techniques to simulations are used as guidance to the standard one point
compiex configurations. Sessions were devoted specifically to grid closures, especially for data that cannot be obtained by
generation, methods for inviscid flows, calculations of experiment. Author
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N81-11973# Office National d'Etudes at de Recherches NS-11977# Istituto Nazionale di Office, Florence (Italy).
Aerospatiales, Toulouse (France). Dept. of Aerothermodynamics. DETERMINATION OF FRACTAL DIMENSION, CONNECTION OF
HOMOGENEOUS TURBULENCE TWO-POINT CLOSURES AND SPACE AND TEMPORAL CHAOS AND APPLICATION TO
APPLICATIONS TO ONE-POINT CLOSURES EXPERIMENTAL RESULTS
B. AUPOIX In Advisory Group for Aerospace Research and S. CILIBERTO In Advisory Group for Aerospace Research and
Special Course on Modem Theoretical and Experimental Special Course on Modem Theoretical and Experimental
Approaches to Turbulent Flow Structure and its Modelling 47 p Approaches to Turbulent Flow Structure and its Modelling 15 p
(SEE N88-11970 03-34) Aug. 1987 (SEE N88-11970 03-34) Aug. 1987
(AGARD-R-755) Avail: NTIS HC A12/MF A0t (AGARD-R-755) Avail: NTIS HC A12/MF A01

Homogeneous. i.e., translation invariant turbulence is Experiments on time dependent behavior of a horizontal fluid
discussed. Homogeneous turbulence is an ideal situation in which layer, heated from below. that is Rayleigh-Benard convection, are
the mean field is unaffected by the turbulent motion, so that the discussed. It is shown that time dependent regimes are
turbulent motion can be studied solely with a prescribed mean characterized by the presence of either traveling waves or localized
field. Such a flow can nearly be achieved in very simple oscillations. These spatio temporal regimes turn out to be similar
experimental set-uPs. Author to those observed in numerical simulations of Kuramoto-

Shivanshisky and Kuramoto-Velarde partial differential equa-
tions. Experimental evidence that the properties of the chaotic
regimes depend on space coordinates is given. Experiments on

NW1-1974# Commissariat a rEnergie Atomique, Gif-sur-Yvette surface wave instabilities where the competition between two
(France). Service de Physique du Solide at de Resonance spatial patterns produces time dependent behavior and chaos are
Magnetique. discussed. The results of this experiment are in good agreement
DYNAMICS AND ROUTES TO CHAOS FROM with a low dimensional model obtained from Navier-Stokes
QUASIPERIODICITY equatons. Author
M. DUBOIS In Advisory Group for Aerospace Research and
Special Course on Modem Theoretical and Experimental NW-1 1978# Brussels Univ. (Belgium). Faculte des Sciences.
Approaches to Turbulent Flow Structure and its Modelling 17 p LATTICE GAS HYDRODYNAMICS
(SEE N88-11970 03-34) Aug. 1987 JEAN PIERRE BOON and ALAIN NOLILLEZ /n Advisory Group
(AGARD-R-755) Avail: NTIS HC A12/MF A01 for Ae. ospace Research and Special Course on Modem Theoretical

One of the routes leadiinn rn riterministic chaos is the route and Experimental Approaches to Turbulent Flow Structure and its
through the quasipeodicity; the simplest one involves the presence Modelling 27 p (SEE N88-1 1970 03-34) Aug. 1987
of two oscillators, whose dynamics may become chaotic by the (AGARD-R-755) Avail: NTIS HC A12/MF A01
increase of the amount of the non-linearities between them Though The motivation for using a lattice gas to simulat,, "ydrodynamics
this dynamic is generally related to nonlinear dynamic systems, it stems from the idea that the details of the microscopic properties
may be found in hydrodynamical flows as soon as the increase of should be unimportant to the macroscopic behavior of the f! L;i.
a control parameter initiates the appearance of periodic behaviors. So. whether the fictitious microwodd one uses is a caricature of a
So. in the following, the physical examples will be taken from real fluid does not matter as long as it produces correct
Rayleigh-Senard experiments, which provide good illustrations of hydrodynamics. In order to answer the question of whether the
quasiperiodic behaviors in dissipative systems. Author lattice gas hydrodynamics meets the goal of producing correct

hydrodynamics, the constitutive elements are built up to construct
a lattice gas and a model system is put to work. Computational
aspects of hydrodynamic simulations are reviewed. Author

N9.11975# Commissanat a I'Energie Alomique, Git-sur-Yvette
(France). Service de Physique du Solide et de Resonance N88-16977# Advisory Group for Aerospace Research and
Magnetique. Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
A DETERMINISTIC APPROACH TO TURBULENCE: CHAOS IN TECHNIQUES OF FLOW VISUALIZATION
RAYLEIGH-BENARD CONVECTION W. MERZKIRCH and K. GERSTEN (Ruhr Univ.. Bochum, West
P. BERGE In Advisory Group for Aerospace Research and Special Germany ) Dec. 1987 100 p
Course on Modern Theoretical and Experimental Approaches to (AGARD-AG-302; ISBN-92-835-0438-0; AD-A194291) Avail:
Turbulent Flow Structure and its Modelling 30 p (SEE N88.11970 NTIS HC A05/MF A01
03-34) Aug. 1987 The methods of flow visualization are reviewed with particular
(AGARO-R-755) Avail: NTIS HC At2/MF A01 emphasis on their application in wind tunnels, water tunnels, and

Various aspects of chaos in Rayleigh-Benard convection are experiments related to propulsion research. The discussion of
discussed. Basic concepts concerning dissipative dynamical methods starts with those that visualize the flow pattern on a
systems, a definition of chaos, a brief introduction to bifurcations, solid surface. Then methods visualizing the whole field, either by
reconstruction of phase space and quasiperiodicity are among the introducing a foreign substance (smoke, dye) or by making use of
topics covered. R.J.F. refractive index changes in the flowing fluid (optical methods) are

examined. Emphasis is placed on the discussion of the physical
background of a method rather than on technical details. B.G.

N88-119, # Commissariat a rEnergfe Atornique, Gif-sur-Yvete NSS-23125# Advisory Group for Aerospace Research and
(France). Service de Physique du Solide et de Resonance Development, N- '-Sur-Seine (France). Fluid Dynamics Panel.
Magnetique. AERODYNAM. ,1D RELATED HYDRODYNAMIC STUDIES
TRANSITION TO TURBULENCE VIA SPATIO-TEMPORAL USING WATER FA.iLITIES
INTERMITTENCY Jun. 1987 462 p In ENGLISH and FRENCH Symposium
PAUL MANNEVILLE In Advisory Group for Aerospace Research held in Monterey, Calif., 20-23 Oct. 1986 Original contains color
and Special Course on Modern Theoretical and Experimental illustrations
Approaches to Turbulent Flow Structure and its Modelling 18 p (AGARD-CP-413; ISBN-92-835-0419-4; AD-A199357) Avail:
(SEE N88-11970 03-34) Aug. 1987 NTIS HC A20/MF A01
(AGARD-R-755) Avail; NTIS HC A12/MF A01 Related problems, experiences and advancements in

A scenario of transition to turbulence specific to large aspect aeronautical and maritime fluid dynamics through the use of water
ratio systems is presented. Starting with simula"ins on a model facilities are reviewed. In recent years there has been an increasing
chosen for its relevance to the field of conve .ove instabilities, use of water facilities for aerodynamic investigations. These include
researchers characterized the spatio-temporal irtermittent phase. water tunnels, towing channels, e'nd stationary tanks. Examples
They examined the transifion process having recourse to simpler include basic research problems as well as flow fields around
systems: coupled map lattices This process appeared to involve fighter aircraft, inlet flows, recirculation flow patterns associated
the propagation of an information, laminar/turbulent which seemed with VTOI.. ramjet simulation, etc., and, in general. 3-D flows with
stochastic though it was generated by a deterministic dynamics. vortices or separated regimes as prominent features. The

Author GRA Symposium was organized to provide an appropriate forum for
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the exchange of information within the aeronautical and maritime NO-23134# Technische Hochschule, Aachen (Germany. F.R.).
fluid dynamics community. For individual ties, see N88-23126 SHORT DURATION FLOW ESTABLISHMENT ON A PROFILE
through N88-23157. IN A WATER-LUOWIEG-TUNNEL

W. KERRES and H. GROENIG In AGARD, Aerodynamic and
Related Hydrodynamic Studies Using Water Facilities 12 p (SEE

N8B-23127*# National Aeronautics and Space Administration. N88-23125 16-34) Jun. 1987
Ames Research Center. Moffett Field. CA. (AGARD-CP.413) Avail: NTIS HC A20/MF A01
VORTEX BREAKDOWN AND CONTROL EXPERIMENTS IN THE This paper deals with the time-dependent establishment of the
AMES-DRYDEN WATER TUNNEL flow field on an airfoil in unsteady flow. The impulsive part of the
F K. OWEN (Complere, Inc.. Palo Alto, Calif.) and 0. J. PEAKE flow is achieved in a Water-Ludwieg-Tunne. By using a coded
In AGARD, Aerodynamic and Related Hydrodynamic Studies Using particle tracing method for flow visualization, the detailed flow
Water Facilities 10 p (SEE N88-23125 18-34) Jun. 1987 establishment on a NACA 0012 airfoil at 30-deg angle of attack
Previously announced as N87-13409 is shown from the beginning where potential flow exists with zero
(AGARD-CP-413) Avail: NTIS HC A20/Mr A0t CSCL 20D circulation to a quasi-steady formation of the vortex street.

Flow-field measurements have been made to determine the Author
effects of core blowing on vortex breakdown and control, The
results of these proof-of-concept experiments clearly demonstrate
the usefulness of water tunnels as test platforms for advanced
flow-field simulation and measurement. Author

NS23130# Eidetics International. Inc, Torrance, CA. N88-23135# McDonnell-Douglas Research Labs.. Saint Louis,FLOW 30 VISUALIZAT INTUDYton OF cVOTo nE M AI MO .
FLOW VISUALIZATION STUDY OF VORTEX MANIPULATION EXPERIMENTAL INVESTIGATION OF HOVER FLOWFIELDS IN
ON FIGHTER CONFIGURATIONS AT HIGH ANGLES OF WATER AT THE MCDONNELL DOUGLAS RESEARCH
ATTACK LABORATORIES
GERALD N. MALCOLM and ANDREW M. SKOW In AGARD, K. R SARIPALLI, J. C. KROUTIL, and J, R. VANHORN In
Aerodynamic and Related Hydrodynamic Studies Using Water AGARD. Aerodynamic and Related Hydrodynamic Studies Using
Facilities 19 p (SEE N88-23125 16-34) Jun. 1987 Water Facilities 10 p iSEE N88-23125 16-34) Jun. 1987
(Contract F33615-851Aa3619) (AGARD-CP-413) Avail: NTIS HC A20/MP A01
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 A new experimental facility, the Hover Research Facility (HRF),

Experiments were performed in a flow visualization water tunnel is designed to study the flowfields generated by hovering vertical
on a genenc fighter model to explore vortex manipulation as an takeoff and landing (VTOL) aircraft and helicopters. Water is used
effective means of aircraft control by altering the natural state of as the working medium because of its inherent advantages in
the forebody and LEX vortices in the medium-to-high-angle of flow visualization and laser Doppler velocimeter (LDV)
attack range with either smaIl surface modifiers or blowing jets. measurements. The applications of the Hover Research Facility
Specifically, the forebody vortex system was examined with the include: (1) experimental investigation of twin-jet impingement flow
clean forebody. with forebody strakes. and with forebody surface with application to VTOL aircraft; (2) visualization of the flowfield
blowing. LEX vortices were examined with a clean LEX, with small around a fully contoured, model supersonic fighter/attack short
geometric modifications near the apex, and with surface blowing, takeoff and vertical landing (STOVL) aircraft; and (3) performance
both in upstream anx dlownstream directions at serious locations testing of a No Tail Rotor (NOTAR) helicopter in hover mode by
on the LEX surface. The interactive effects of torebody and use of a scale model. Flow visualization and quantitative LDV
LEX/wing vortices and their response to the various methods of data on these experiments are presented Author
control were also examined. It was concluded that the forebody
vortices can be effectively controlled by either blowing or using
strakes, but the effectiveness is very dependent on proper radial
placement of the blowing port or strake. Author

NB-23131# Naval Postgraduate School, Monterey, CA. Dept. N88-23136# Instituto Superior Tecnico. Lisbon (Portugal). Dept.
of Mechanical Engineering. of Mechanical Engineering.
OSCILLATING FLOW OVER BLUFF BODIES IN A U-SHAPED AN INVESTIGATION OF DUCTED PROPELLERS IN
WATER TUNNEL AXISYMMETRIC SHEAR FLOW
TURGUT SARPKAYA Iny AGARD, Aerodynamic and Related J. A. C. FALCAODECAMPOS In AGARD, Aerodynamic and
Hydrodynamic Studies Using Water Facilities 15 p (SEE N88-23125 Related Hydrodynamic Studies Using Water Facilities 15 p (SEE
16-34) Jun. 1987 N88-23125 16-34) Jun. 1987 Sponsored in part by Instituto
(Contract NSF CEE-82-10246) Superior Tecnico
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 (AGARD-CP-413) Avail: NTiS HC A20IMF A0t

Studies dealing with sinusoidally oscillating separated and To improve the basic understanding of the complex interaction
unseparated flows over various types of bluff bodies are described flow phenomena between ducted propeller systems and a ship's
First, the characteristics of a large U-shaped vertical water tunnel hull, the effects of radial nonuniformity of the inflow to the ducted
are described and then the numerical and experimental results propeller were investigated, both numencally and experimentally
obtained with circular cylinders are presented. It is shown that for The mathematical model is based on the Euler equations for an
2-0. attached, and laminar-flow conditions the data are, as iiwiscid. incompressible axisymmetnc flow and on the
expected, in good agreement with the previous analysis. The representation of the propeller by an actuator disk. In a
oscillatory viscous flow becomes unstable to axially periodic vorticity-stream function formulation, the problem is governed by
Taylor-Goertler vortices above a critical Keulegan-Carpenter two coupled integral equations, which express vorlicity transport
number K (K=-U sub mT/D) for a given Beta (Beta - D sup in the flow and the boundary conditions on the duct and hub
2/upsiloriT). For larger values of K the effects of separation and surfaces. The numerical solution method employs a discretization
vortex shedding become increasingly important, eventually leading of the vorticity field into vortex sheets, which are traced iteratively
to a very interesting half Karman vortex street in the transverse in a fixs grid, The problem was also experimentally investigated
direction in the range 8 less than K less than 13. The discrete in the Large Cavitation Tunnel of the Maritime Research Institute
vortex model of the separated oscillating flow is shown to provide of the Netherlands. A five-bladed propeller model, placed inside a
a reasonably satisfactory explanation of the transverse vortex duct, was tested behind wirt screens, generating a wake velocity
street Finally, an attempt is made, through the use of an ideal profile with axial symmetry. Laser-Doppler measurements of mean
vortex model, to explain the observed flow modes and the axial and radial velocities were carried out at various axial locations
cycle-to-cycle variations in forces and pressures in terms of their upstream and downstream of the dueted propeller. Detailed
sensitivity to small stochastic vanations in the position of the compansons between the results of calculations and the
vortices Author experiments are presented and discussed Author
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N88-23137# Leicester Univ. (England). Dept. of Engineenng. evaluation of photographs of visualized flow proved to be most
MEASUREMENTS OF AERODYNAMIC FORCES ON effectve for use in a water towing tank. Two methods enabling
UNSTEADILY MOVING BLUFF PARACHUTE CANOPIES the survey of 3-0 flow fields are dealt with in detail. The first
D. J COCKRELL. R. J. HARWOOD, and C, 0. SHEN In AGARD, method based on photogrammetric techniques has already been
Aerodynamic and Retated Hydrodynamic Studies Using Water applied to the investigation of 3-D disturbances in an unstable
Facilities 7 p (SEE N88-23125 16-34) Jun. 1987 laminar boundary layer and to the study of a free vortex flow.
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 The second one is based on holographic techniques, Its feasibility

Equations which describe the unsteady motion of bluff bodies for supplying quantitative data is discussed. Author
through fluids contain certain components, termed added mass
coefficients, which can only be determined by experiment. From N88-23141*# National Aeronautics and Space Administration.
the solutions to such equations the ways in which the shapes of Langley Research Center, Hampton, VA.
parachute canopies influence the frequency of their oscillatory FLOW MEASUREMENTS IN A WATER TUNNEL USING A
motion in pitch and their corresponding damping rates are required. HOLOCINEMATOGRAPHIC VELOCIMETER
Although a full-scale parachute canopy descends through air, LEONARD M. WEINSTEIN and GEORGE B. BEELER In AGARD.
oscillating in pitch as it does, experiments necessary to determine Aerodynamic and Related Hydrodynamic Studies Usng Water
these added mass coefficients have been performed under water, Facilities 7 p (SEE N88-23125 16-34) Jun. 1987
using for this purpose a large ship tank from the towing carriage (AGARD-CP-413) Avail: NTIS HC A20/MF AO CSCL 20D
of which the model parachute canopies were suspended. These Dual-view holographic movies were used to examine complex
experiments showed that the added mass coefficients for bluff flows with full three-space and time resolution. This approach,
parachute canopies differed appreciably from their corresponding which trlckx the movement of small tracer particles in water, is
potential flow values. The latter were obtained from the analysis termed holocinematograpii, velciometry iH.vp. A umall prototype
of inviscid, fluid flow around regular shapes which were of a new water tunnel was used to demonstrate proof-of-concept
representative of those parachute canopies. The significance for for the HCV. After utilizing a conventional flow visualization
the prediction of the parachute's dynamic behavior in pitch is apparatus with a laser light sheet to illuminate tracer particles to
outlined, Author evaluate flow quality of the prototype tunnel, a simplified version

of the HCV was employed to demonstrate the capabilities of the
N8B-23138# Il Summerfield, Kidderminster (England). approach. Results indicate that a full-scale version of the water
WATER FLOW VISUALISATIOR OF A RAMROCKET tunnel and a high performance version of the HCV should be
COMBUSTION CHAMBER able to check theoretical and numerical modeling of complex flows
P. J, BOSZKO and G. S. OWEN In AGARD. Aerodynamic and and examine the mechanisms operative in turbulent and vortex
Related Hydrodynamic Studies Using Water Facilities I I p (SEE flow control concepts, providing an entirely unique instrument
N88-23125 16-34) Jun. 1987 Sponsored in part by Ministry of capable, for the first time, of simultaneous three-space and time
Defence measurements in turbulent flow Author
iAGARD-CP-413) Avail: NTIS HC A20/MF AOl

Flow within the combustion chamber of a ramrocket has been N88-23142# Centre d'Etudes et de Recherches. Toulouse
investigated using water flow visualization with air bubbles as (France). Dept. dEtudes en Mecanique et Energetique des
tracers. Configurations with four axisymmetric intakes entering the Systemes.
combustion chamber at either 45 or 90 deg have been considered. EXPERIMENTAL STUDY OF VORTEX SHEETS IN PLANE FLOW
A region of stable recirculatory flow has been identified at the (ETUDE EXPERIMENTALE DE NAPPES TOURBILLONNAIRES
head end of the combustion chamber and estimates have been EN ECOULEMENT PLANI
obtained of the amount flowing through the recirculation region. CHRISTIAN BERGER, MAGALI BOURGEOIS GERARD
Eased on this information fuel jets have been designed which it is LAVERGNE, CHRISTINE LEMPEREUR, and JEAN-MICHEL
believed will aid ignition, secure flame stability, and improve MATHE fn AGARD. Aerodynamic and Related Hydrodynamic
combustion efficiency The interaction between fue jets and the Studies Using Water Facilities 7 p (SEE N68-23125 16-34) Jun
recirculatory air flow has been tentatively investigated on flow 1997 In tRENCH
visualization tests using jets of colored water. Author (AGARD-CP.413) Avail. NTIS HC A20/MF A01

With the aim o conductng an experimental study of shear
N88-23139# Office National d'Etudes et de Recherches instability in laminar flow, a vertical water tank was designed which
Aerospatiales. Paris (France). would generate a confluence of two bi-dimensional flows of different
THE ONERA WATER TUNNELS TEST POSSIBILITIES FOR velocities. The study consisted of characterizing the instabilities
FLOW VISUALIZATION IN AERONAUTICAL AND NAVAL developing downstream from the base starting with the
DOMAINS determination -if velocity profiles with laser anemometry and various
H WERLE In AGARD. Aerodynamic and Related Hydrodynamic flow visualization and image processing techniques The Reynolds
Studies Using Water Facilities 16 p (SEE N88-23125 16-34) Jun, number calculated across the width of the base and the mean of
1987 In FRENCH; ENGLISH summary the two velocities is less than 600 Modeling this type of flow with
(AGARD-CP-4Al) Avail NTIS HC A20/MF AOl the aid or vortex sheels emitt-d at the base extremities permits

The ONERA water test tunnels, which for a long time were the consiruction of emission lines comparable 1) those observed
the pioneers in flow visualization, cover a broad scope of test Author
methods and means, encompassing a wide field of applications
This paper presents an up-to-date descniption of the experimental N88-23143# Princeton Univ NJ Dept of Mechanical and
techniques used for plane, axisymmetric and three-dimensional Aerospace Engineering
flow, and gives a survey of the most notable results achieved in THREE-DIMENSIONAL FLOW VISUALIZATION USING
domains as varied as fundamental research and aerodynamics LASER-SHEET SCANNING
and related hydrodynamic studies Author D M NOSENCHUCK and M K. LYNCH In AGARD. Aerodynamic

and Related Hydrodynamic Studies Using Water Facilities 13 p
NB-23140# Deutsche Forschungs- und Versuchsanstalt tuer (SEE N88-23125 16-34) Jun 1987
Luft, und Raumfahrt, Goetfingen (Germany, F.R I Inst for (Contract N0014-B-K-0352; NSF MSM-83-52175)
Experimental Fluid Mechanics (AGARD-CP.413) Avail NTIS HC A20/MF A01
THE USE OF A WATER TOWING TANK FOR AERODYNAMIC It has been demonstrated that the conventional technique of
TESTING AND METHODS FOR QUANTITATIVE EVALUATION fixed-laser-sheet flow visualization can be extended to include 3-0
OF PHOTIJGRAPHS visualization by means of a Scanning laser sheet This system
H BIPPES In AGARD. Aerodynamic and Related Hydrodynamic was implemented using a rotating mirror in conlunction with
Studies Using Water Facilities 11 p (SEE N86-23125 16-34) Jun. appropriate fixed optics A space-filling 3-D data base was digitally
1987 obtained from the imaging and recording units, and was processed
(AGARD-CP-4t3) Avail NTIS HC A20/MF A0t to yield a variety of 3-0 views of the flow field in addition to

The use of the water towing tank of the DFVLR for fluid dynamic obtaining quantitative results rElarding mixing levels and velocities
testing is briefly described The capability of measuring techniques Laser-sheet scanning was first applied in a study of boundary-layer
is discussed Among the various techniques the quantitative turbulence in which active control was implemented The flow
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visualization readily indicated the near-wall instabilities present in can be readily obtained. This technique is ideally suited for the
turbulent spots and synthetic turbulent boundary layers. When study of unsteady vertical flows, which occur in high angle of
control was attempted using an array of surface heating elements, attack aerodynamics, The technique, some of the important
the visualization technique graphically illustrated the attenuation parameters affecting its use, and some recent examples are
of the near-wall sublayer streaks and resultant quiescent outer described. Author
flow. Author

N88-23149"# Notre Dame Univ., IN. Dept of Aerospace and
NBS-23144# Institut de Mecanique des Fluides de Lille Mechanical Engineering.
(France). USE OF WATER TOWING TANKS FOR AERODYNAMICS AND
APPLICATION OF HIGH SPEED HOLOGRAPHY TO HYDRODYNAMICS
AERODYNAMIC AND HYDRODYNAMIC THREE-DIMENSIONAL MOHAMED GADELHAK In AGARD, Aerodynamic and Related
VELOCIMETRY Hydrodynamic Studies Using Water Faciliies 11 p (SEE N88-23125
M. STANISLAS. 0. RODRIGUEZ. M. DADI, and F. BELUCHE In 16-34) Jun. 1987
AGARD. Aerodynamic and Related Hydrodynamic Studies Using (Contract NAS1-18292; NAS1-18213; N00014-81-C-0453,
Water Facilities 10 p (SEE N88-23125 16-34) Jun. 1987 F49620-82-C-0020; NSF iS1-85-60825)
Sponsored in part by French Ministery for Defense (AGARD-CP-413) Avail: NTIS HC A20/MF A01 CSCL 20D
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 Wind tunnels and flumes have become standard laboratory

The application of holography to the measurement of fluid tools for modeling a variety of aerodynamic and hydrodynamic
velocity in 3-D domains is proposed. After a short description of flow problems. Less available, although by no means less useful.
the method, an example of application to the water flow around a are facilities in which a model can be towed (or propelled) through
circular cylinder at low Reynolds number is presented. Then, the air or water. This article emphasizes the use of the water towing
main limitations of the method are discussed and solutions tank as an experimental tool for aerodynamic and hydrodynamic
proposed to overcome them. Author studies. Its advantages and disadvantages over other flow rigs

are discussed, and its usefullness is illustrated through many
NSS-23146# Universite de Valenciennes et du Hainaut-Cambresis examples of research results obtained over rtif. past few years in
(France). Lab. de Mecanique des Fluides. a typical towing tank facility. Author
WATER TUNNEL MEASUREMENTS BY AN
ELECTROCHEMICAL METHOD MESURES EN TUNNEL NB8-23151# British Aerospace Public Ltd. Co., Bristol (England).
HYDRODYNAMIQUE PAR METHODE ELECTROCHIMIOUE] Aerodynamics Research Dept.
C. TOURNIER and P. FLORENT In AGARD, Aerodynamic and A COMPARATIVE STUDY OF VORTEX FLOWS IN WIND AND
Related Hydrodynamic Studies Using Water Facilities 14 p (SEE WATER TUNNELS
NB-23125 16-34) Jun. 1987 In FRENCH A. G. DAVIES In AGARD. Aerodynamic and Related Hydrodynamic
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 Studies Using Water Facilities 16 p (SEE NS8-23125 16-4) Jun.

A polarographic method to measure parietal friction is described. 1987
With the proper liquid, the technique permits the measurement of (AGARD-CP-413) Avail: NTIS HC A20/MF A01
3-0 and unsteady flows without perturbations. To employ the Characteristics of the flowfield around a generalized missile
method, a large capacity water tank (Re - 1.5 x t0 to the 6th) configuration using two flow visualization techniques in a water
made entirely of electrically neutral and chemically inert materials tunnel are compared to corresponding wind tunnel data at subsonic
was designed. Sample measurements made using the and supersonic speeds. It is shown that the flowfields derived
polarographic method are presented. They were selected to from the water tunnel can be representative of those found at
illustrate the advantages of this method in typical cases of 3-0 or subsonic speeds although isolated body vortex locations agree
unsteady flows. The possibility of measuring mass transfer using more with those measured at supersonic speeds -1 i-at
this method is also discussed. Author separation angles on the body rin fw important. The addition of

a cruciform set of fins is ohown to modify the body vortex structure
NS#-23147# California Univ.. San Diego, La Jolla. dramatically, the degree of modification varying with axial location
FLOW VELOCITY MEASUREMENTS BY IMAGE PROCESSING of the fins. A speed effect is seen to exist in the water tunnel
OF OPTICALLY MODULATED TRACES that can change some vortex flowfield characteristics from those
M GHARIB, B. DYNE, 0. THOMAS, and C. YAP In AGARD, of a subsonic flow to those observed at supersonic speeds Finally,
Aerodynamic and Related Hydrodynamic Studies Using Water cross flow velocities and circulations are compared between water
Facilities 7 p (SEE NS8-23125 16-34) Jun. 1987 and wind tunnels. Author
(AGARD-CP-413) Avail: NTIS HC A20/MF A01

A computerized flow visualization technique capable of N88-23152# Saab-Scania, Linkoping (Sweden)
quantifying the flow field automatically is described. The technique INVESTIGATION ON THE MOVEMENT OF VORTEX BURST
uses a time modulated illumination scheme to retrieve vectonal POSITION WITH DYNAMICALLY CHANGING ANGLE OF
information from the pathlines of particles suspended in the flow. ATTACK FOR A SCHEMATIC DELTA-WING IN A
This technique has eliminated a malor source of error in velocity WATERTUNNEL WITH CORRELATION TO SIMILAR STUDIES
reading which is common in conventional particle tracing IN WINDTUNNEL
techniques. Application of the present technique to the recirculating KARL W. WOLFFELT In AGARD. Aerodynamic and Related
flow field of a 2-D cavity is described. Velocity profiles obtained Hydrodynamic Studies Using Water Facilities 8 p (SEE N88-23125
from the pathfines of the particles through the present techniques 16-34) Jun. 1987
show excellent agreement with the velocity profiles obtained using (AGARD-CP.413) Avail: NTIS HC A20/MF A01
laser Doppler velocimetry. Author The requirements for modern military aircraft to maintain good

handling qualities at very high angles of attack is one of many
NBB-23148# Fonda State Univ.. Tallahassee. reasons why an increased knowledge is necessary regarding the
A NON-INVASIVE EXPERIMENTAL TECHNIOUE FOR THE aerodynamic behavior of vortex flows at nonstationary conditions
MEASUREMENT OF UNSTEADY VELOCITY AND VORTICITY Linearized theory as it has been utilized in flight mechanics
FIELDS simulation using damping derivatives derived from forced oscillation
L LOURENCO, A. KROTHAPALLI, J. M. BUCHLIN, and M. L. technique, for example, may no longer be valid at such conditions.
RIETHMULLER (Von Karman Inst. for Fluid Dynamics, With this background some investigations have been made by
Rhode-Saint Genese. Belgium ) In AGARD, Aerodynamic and SAAB-SCANIA with the aim to study the hysteresis effects for
Related Hydrodynamic Studies Using Water Facilities 9 p (SEE nonstationary vortex flows. A schematic delta-wing model which
N88-23125 16-34) Jun. 1987 could also be equipped with a similar canard wing has been tested
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 in a water tunnel. The model was supported in the tunnel by a

A new velocity measurement technique is described which simple mechanism by which it could be forced to move in one of
provides the simultaneous visualization of a 2.D streamline pattern four different modes, pitching r r plunging with either ramp or
and the quantification of the velocity field. The main advantage of harmonic motion. The flow over the model was visualized with air
this technioue is that the velocity field can be measured with bubbles and sequences were recorded on videotape. The
suffiaent accuracy and spatial resolution so that the vorticity field sequences were analyzed and the movements of the leading edge
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vortex burst have been studied with the main interest focused on N88-23156# Admiralty Research Establishment, Gospcrt
the hysteresis effects. Author (England).

EXPERIMENTS TO INVESTIGATE THE VORTICES SHED FROM
A SUBMARINE-LIKE BODY OF REVOLUTION

N8S-23153# Technische Hogeschool. Eindhoven (Netherlands). A. R. J. M. LLOYD and I. M. C. CAMPBELL (Southampton Univ.,
SOME VISUALIZATION STUDIES ON TURBULENT BOUNDARY England ) In AGARD. Aerodynamic and Related Hydrodynamic
LAYERS USING MULTIWIRE HYDROGEN BUBBLE Studies Using Water Facilities 22 p (SEE N88-23125 16-34) Jun.
GENERATION 1987 Presented at the 59th Meeting of the AGARO Fluid Dynamics
R. BLOKLAND and K. KRISHNA PRASAD In AGARD Panel Symposiun, Monterey, Calif., 20-23 Oct. 1986
Aerodynamic and Related Hydrodynamic Studies Using Water (AGARD-CP-413) Avail: NTIS HC A20/MF A01
Facilities 12 p (SEE N88-23125 16-34) Jun. 1987 Described are experiments to determine the charactvristics of
(AGARD-CP-413) Avail: NTIS HC A20/MF A01 the vortices shed from a submarine-like body of revolution at an

Provided are new results obtained using two visualization angle of attack in a turn. The experiments used a new type of
methods which assist in describing essentially three dimensional vorticity probe developed by Freestone at the City University in
phenomena: (1) With two wire pattern correlation the flow field the UK. The probe allows the streamwise vorticity to be estimated
can be described in a large set of sections through a certain from simple pressure measurements and rapid assessments o1
structure: (2) Multiple color illumination allows recognition of vortex position and strength can be made. The paper examines
movements in a direction normal to the plane of the photograph the expected performance o1 the probe using a simulation of an
from changes in color. Some countings were made concerning ideal viscous cored vortex and reports experience gained in the
the behavior of low speed streaks as a functon of y and the design and preliminary testing of the probe. Results of expenments
relation between streaks and some other structures. A new to measure the vortex shed by a hydroplane at an angle of attack

detection criterion for streaks is proposed. The distribution for the and a body of revolution in a turn are reported. Author
spanwise velocity of a streak was determined. It is shown that
the detection criteria of Blackwelder and Kaplan essentially samples
spanwise passages of streaks. A few results of multiple color
visualization are shown to establish unambiguously the vertical
transport associated with streaks Author N88-23157# Admiralty Research Establishment, Gosport

(England). Submarine Hydrodynamics and Experiment Services
Div.

N88-23154# Lehigh Univ.. Bethlehem, PA. Dept. of Mechanical A REVIEW OF THE NATO SPECIAL GROUP OF EXPERTS ON
Engineering and Mechanics. NAVAL HYDROMECHANICS AND RELATED PROBLEMS
STRUCTURE OF UNSTEADY FLOWS AT LEADING- AND JOHN CHARLESWORTH and L. JOHN LEGGAT (Defence
TRAILING-EDGES: FLOW VISUALIZATION AND ITS Research Establishment Atlantic, Dartmouth, Nova Scotia I In
INTERPRETATION AGARD, Aerodynamic and Related Hydrodynamic Studies Using
D. ROCKWELL, R. ATTA, L. KRAMER, R. LAWSON, D Water Facilities 12 p (SEE N88-23125 16-34) Jun. 1987
LUSSEYRAN. C. MAGNESS, D. SOHN, and T. STAUBLI In (AGARD-CP-413) Avail: NTIS HC A20/MF A01
AGARD. Aerodynamic and Related Hydrodynamic Studies Using The Special Group of Experts on Naval Hydromechanics and
Water Facilities 13 p (SEE N88-23125 16-34) Jun. 1987 Related Problems (SGE-HYDRO) was formed following an
Sponsored in part by NASA, NSF, Navy. AF, and Volkswagen exploratory meeting on 3 to 4 November 1982. Its formation was
Foundation spurred to a large degree by the need within NATO for a forum
(AGARD-CP 413) Avail: NTIS HC A20MF A01 GSC- 20D In promote multinatonal cooperation in >'ie gernora! area of NsV3!

Unsteady two- and three-dimensional flow structure at leading hydromechanics testing and research for problems not adequately
and trailing edges of bodies can be characterized effectively using covered by other NATO international exchange groups and the
recently developed techniques for acquisition and interpretation of International Towing Tank Conference The Group's mandate
flow visualization. The techniques addressed here include: flow allows it to address current aspects of interest to Naval
tmage/surface pressure correlations: 3-D reconstruction of flow hydromechanics including test and research faciltities, test
structure from flow images: and interactive interpretation of flow techniques and instrumentation, prediction methods, model to full
images with theoretical simulations. These techniques can be scale correlations, full scale trials, model tests, math modeling
employed in conjunction with: visual correlation and and simulation, and implications of instrumentation development
ensemble-averaging, both within a given image and between in other fields, Author
images; recognition of patterns from images: and estimates of
velocity eigenfunctions from images. Author

N88-23156# Hamburg Model Basin (Germany, F.R.). N88-27480# AdvisOry Group for Aerospace Research and
MEASUREMENTS OF THE TIME DEPENDENT VELOCITY FIELD Development, Neuilly-Sur-Seine (France).
SURROUNDING A MODEL PROPELLER IN UNIFORM WATER AERODYNAMICS OF HYPERSONIC LIFTING VEHICLES: FLUID
FLOW DYNAMICS PANEL AGARD SYMPOSIUM
JOERG BLAUROCK and GERD LAMMERS In AGARD. S. M. BOGDONOFF, H. HORNUNG, ed., and R E WHITEHFAD.
Aerodynamic and Related Hydrodynamic Studies Using Water ed. (Office of Naval Research, Arlington. Va.) Apr 1988 20 p
Facilities 13 p (SEE N68-23125 16-34) Jun. 1987 Symposium held in Bristol, United Kingdom, 6-9 Apr. 1987
(AGARD-CP-413) Avail. NTIS HC A20/MF AOl (AGARD-AR-246. ISBN-92-835-0453-4; AD-A195692) Avail

As part of a research program, the flow field around an operating NTIS HC A03/MF A01
ship propeller was investigated in a water tunnel, using laser This report reviews and evaluates the Fluid Dynamics Panel
Doppler velocimetry The 3-D velocity field was measured in three AGARD Symposium entitled. Aerodynamics of Hypersonic Lifting
planes at the suction side and four planes on the pressure side Vehicles. held 6 to 9 June 1987 in Bristol UK The purpose of
of the propeller at the design thrust coefficient of K sub T the Symposium was to assess the technology status in the field
0 185 In one of the planes in the propeller's slipstream, the of hypersonics after a comparative lull in the past decade The
measurements were repeated at thrust coefficients of K sub T - author addresses each of the papers separately and makes general
0 12 and 025 The volocity profiles measured in the propeller's comments on the 5 major topic sessions The limitations of test
slipstream are compared with the induced velocities derived from facilities for experimental studies at high Mach numbers were clearly
design calculations, and occurring deviations are discussed evident New developments in computational fluid dynamics provide
Furthermore. the instationary flow field permits study of the tip possibilities that did not exist in the past The reviewer stressed
vortices at different distances behind the propeller The the areas that need special emphasis in the future The papers
measurements yield a quantitative description of the vortices, and presented at the Symposium are published in AGARD Conference
the influence of propeller load at the blade tips on geometry and Proceedings CP 429 and are listed in an Appendix to this report.
intensity of the tip vortices can be seen Author Author
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N88-28872# British Aerospace Public Ltd. Co.. Weybridge and theoretical point of siew, the subject of envronmental effect
(England). Military Aircraft Div. on transition and boundary layer characteristics appears challenging
DEVELOPMENT AND ANALYSIS OF TURBULENT and rewarding for fluid dynamicists. Author
NON-EQUILIBRIUM BOUNDARY LAYERS
A G. T. CROSS In AGARD. Boundary Layer Simulation and N88-28877# Calspan Field Services, Inc., Arnold AFS. TN.
Control in Wind Tunnels p 250-270 (SEE N88.28857 23-01) Apr. BOUNDARY LAYER MANIPULATION
1988 EDWARD M. KRAFT In AGARD. Boundary Layer Simulation
(AGARD-AR-224) Avail: NTIS HC A20/MF A0l and Control in Wind Tunnels p 409-446 (SEE N88-28857 23-01)

The simulation -4 flow phenomena involving a boundary layer Apr. 1988
was already identified as potentially very sensitive to the upstream (AGARD-AR-224) Avail: NTIS HC A20/MF A01
state of the incoming layer. The state of the layer in the sense of It is clear that, left to its own development, the boundary
being laminar, transitional, or turbulent is of prime importance. As layer on a model used in a subscale simulation may have little
turbulent flow is usual at full scale it is a main objective of model resemblence. in general, to the boundary layer on the full-scale
tests. For turbulent flow an important consideration is departure vehicle. Consequently. it is inevitable that some sort of manipulation
from equilibrium as, in these cases the similarity solutions so of the viscous dominated regions on the model will have to be
frequently used in calculations no longer apply. Including performed in order that the wind tunnel results can be extrapolated
non-equiibrium effects in the velocity profile is particularly revealing, to flight. The elements necessary for a successful viscous
and is essential for determining the important scale parameters simulation are: an understanding of what parameters need to be
and establishing separation criteria. The turbulent boundary layer controlled in the subscale experiment to provide a surprise-tree
is considered specifically in terms of the law of the wall and wake extrapolation to flight; means for manipulating and controlling the
velocity profile which can be used to examine the influence of required viscous parameters. Methods for determining that the
second order effects including that of departure from equilibrium, viscous parameters were properly controlled in the wind tunnel;

Author and an understanding of how the wind tunnel data need to be
extrapolated to flight from whatever conditions were established

N88-28873# Deutsche Forschungs- und Versuchsanstalt fuer in the wind tunnel. It must also be kept in mind that different
Luft. und Raumfahrt. Goettingen (Germany, F.R.). Inst. fuer boundary layer manipulation techniques will be applied for different
Expenmentelle Stroemungsmechanik. test requirements. In addition, different requirements may exist for
SHOCK BOUNDARY LAYER INTERACTION various components of a vehicle. An overview of the elements
E. STANEWSKY In AGARD, Boundary Layer Simulation and required for boundary layer manipulation will be presented and
Control in Wind Tunnels p 271-305 (SEE N88-28857 23-01) Apr. some suggested areas for future research will be discussed.
1988 Author
IAGARD-AR-224) Avail: NTIS HC A20/MF A01

An essential prerequisite for the viscous simulation of the flow N89-11400# Technische Univ., Regensburg (Germany, F.R.).
about transonic flight vehicles is the correct simulation of shock COMPUTATINAL FLUID DYNAMICS AND SUPERCOMPUTERS,
boundary layer interaction. The latter requires that the parameters CHAPTER 6
of the incoming boundary layer dominating the interaction are W. GENTZSCH In AGARD, Computational Fluid Dynamics:
known. An attempt is made to identify such parameters for the Algorithms and Super Computers p 141-182 (SEE N89-11395
characteristic features of shock boundary layer interaction. 02-60) Mar. 1986

Author AGARD-AG-311) Avail: NTIS HC A09/MF A01
It is important to optimally adapt codes and algorithms to the

N88-28875# Calspan Field Services, Inc., Arnold AFS. TN. vector or parallel computer in use. In addition to faster and larger
VORTEX FLOWS supercomputers, users must be much better trained than for (scalar)
EDWARD M. KRAFT In AGARD, Boundary Layer Simulation general purpose computers. Details on restructuring typical
and Control in Wind Tunnels p 338-355 (SEE N88-28857 23-01) numerical algorithms to achieve superior performance on vector
Apr. 1988 computers. The focus, of course, is on Computational Fluid
(AC 4RD-AR-224) Avail: NTIS HC A20/MF A01 Dynamics. During the last two decades CFD gained an important

For today's high performance aircraft, separaiin and vortical position together with experiments in wind tunnels and analytical
flow is a fact of life The design challenge is to control vortex methods. The main objective of CFD is to simulate dynamic flow
separation and make it work to improve the aircraft n-formance. fields through the numerical solution of the governing equations.
Vortical flows are generally complex and correspondingly difficult e.g., the Navier-Stokes equations, using high-speed computerm.
to model analytically. Consequently subscale simulation remains The simulation of 2-0 inviscid and viscous flows on vector
the primary developmental tool for vehicle optimization, particularly computers does not represent any difficulties with respect to
,n a high speed maneuver. Therefore, it is essential to understand memory requirements or computation time. In 3-D. however, one
the physical aspects of vortical flows that effect subscale has to compute some 20 to 30 variables per mesh point in a 3-D
simulation. A brief summary of some of the key questions and held per time-step or iteration such as the velocity components.
current assessment is provided. The primary types of vortical flows density, pressure, enthalpy, temperature, concentrations, dissipative
of interests in terms of proper subscale simulation at transonic fluxes, local time steps, geometry coefficients, dummy arrays, etc.
speeds are forebody vortices, wing leading edge vortex flows. Computations in the case of 3-D are therefore restricted to fairly
vorteN breakdown, and vortex/shock interactions. The fundamental coarse meshes as well as to solutions which are often not fully
aspects of these types of flow are explored and areas where converged solutions. The large amount of CPU time involved and
further research is required, are suggested. Author the fact that the data cannot be contained in central memory are

the main reasons for the long elapsed times for CFD applications.
N86-2876# Middle East Technical Univ,. Ankara (Turkey). Dept In these cases, the mapping of the problem onto the aichitecture
of Aeronautical Engineenng. of the machine and in particular onto special organizations of the
ENVIRONMENTAL EFFECTS ON TRANSITION AND BOUNDARY memory must be fully considered to take full advantage of the
LAYER CHARACTERISTICS vector computer. Author
C. CIRAY In AGARD. Boundary Layer Simulation and Control in
Wind Tunnels p 356-408 (SEE N88-28857 23-01) Apr. 1988 N89-18610# Advisory Group for Aerospace Research and
(AGARD-AR-224) Avail: NTIS HC A20/MF A01 Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.

The environmental effect on transition and some btoundary layer VALIDATION OF COMPUTATIONAL FLUID DYNAMICS.
characteristics is summarized. Environmental effects seem to be VOLUME 1: SYMPOSIUM PAPERS AND ROUND TABLE
a section of fluid dynamics that was neglected or that was not DISCUSSION
studied systematically and in an organized manner. Yet with the Dec. 1988 588 p In ENGLISH and FRENCH Symposium
need or increased accuracies required from recent wind tunnel held in Lisbon, Portugal, 2-5 May 1988
measurements and the need for reduced discrepancies of the (AGARD-CP-437-VOL-1; ISBN-92-835-0489-5;
expenmental data obtained from different wind tunnels, the wind ISBN-92-835-0491-7) Avail: N'iS HC A25/MF A01
tunnel environmental effects have to be accurately assessed. The specific intent of the examining activities, both
Looking at the breadth and delicacy both from an experimental computational and experimental, was directed toward validating or
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calibrating CFD codes over a broad spectrum of fluid dynamics N8S-18617# Dornier-Werke G.m.b.H.. Friedrichshafen (Germany,
study areas. The objectives of the Symposium were to identify F.R.).
the level of agreement of numerical solution algorithms and physical COMPARATIVE STUDY OF CALCULATION PROCEDURES FOR
models with experimental and/or analytical data. to identify regions VISCOUS FLOWS AROUND AIRFOILS IN THE TRANSONIC
of validity for given flow solvers, and to identify flow regions where REGIME
significant gaps exist and further work is warranted. For individual H. W. STOCK, W. HAASE. and H. ECHTLE In AGARD. Validation
titles, see N89-18611 through N89-18647. of Computational Fluid Dynamics Volume 1: Symposium Papers

and Round Table Discussion 9 p (SEE N89-18610 11-34) Dec.
N89-1861 1# General Dynamics Corp., Fort Worth, TX. 1988
CFD VALIDATION PHILOSOPHY (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
RICHARD G. BRADLEY In AGARD, Validation of Computational Comparative studies for the evaluation of flows around airfoils
Plui Dynamics. Volume 1: Symposium Papers and Round Table are presented. This problem is solved in two different ways. Flows
Discussion 6 p (SEE N89-18610 11-34) Dec. 1988 are computed by: (1) a finite volume Navier-Stokes method; and
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 (2) an iterative calculation procedure using a finite volume method

Computational Fluid Dynamics (CFD) is becoming an to solve the full potential equation for the inviscid flow and an
increasingly powerful tool in design and analysis of fluid dynamic inverse integral boundary layer method for the viscous part. Using
and aerospace systems. Application of CFD to practical design the Navier-Stokes method, two different algebraic turbulence
problems requires a high level of confidence, which in turn requires models are investigated First. the Baldwin-Lomax model is applied
focused experimentation to verify the accuracy of CFD codes followed by the Cebeci-Smith model, in combination with a recently
The need for CFD validation is presented from the viewpoint of developed approach to evaluate the turbulent length scales in
the user, and a general philosophy for validation of CFD codes is Navier-Stokes method. Concerning the problem of the computation
introduced, highlighting the requirements for disciplined of shock wave boundary layer interaction zones, a numerical study
expenmentation and careful evaluation of the bounds of error in is performed using the finite volume Navier-Stokes method The
CFD solutions Author influence of mesh refinement, in the surface normal and tangential

direction, with respect to the prediction quality is studied Two
N89-18612"# National Aeronautics and Space Administration different airfoils, the RAE 2822 and the DoAL3, are investigated

Ames Research Center, Moffett Field, CA. and compared to experimental findings. Author

ACCURACY REQUIREMENTS AND BENCHMARK
EXPERIMENTS FOR CFD VALIDATION
JOSEPH G MARVIN In AGARD. Validalion of Computational
Fluid Dynamics. Volume 1: Symposum Papers and Round Table
Discussion 15 p (SEE N89-18610 11-34) Dec 1988 Previously
announced as N88-21423 N89-18618# Catania Univ. (Italy). Inst. di Macchine
(AGARD-CP-437-VOL-1) Avail. NTIS HC A25/MF A01 CSCL NUMERICAL SOLUTION OF COMPRESSIBLE NAVIER-STOKES
20D FLOWS

The role of experiment in the development of Computational i-. BASSI. F GRASSO, and M. SAVINI (Consiglo Nazionale delle
Fluid Dynamics (CFD) for aerodynamic flow prediction is discussed. Ricerche. Peschiera Borromeo, Italy I In AGARD. Validation of
The CFD verification is a concept that depends on closely Computational Fluid Dynamics Volume 1: Symposium Papers and
coordinated planning between computational and experimental Round Table Discussion 14 p (SEE N89-18610 11-34) Dec
disciplines Because code applications are becoming more complex 1988
and their potential for design more feasible, it no longer suffices (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
to use experimental data from surface or integral measurements A, mesh embedding technique for increasing the accuracy of
alone to provide the required verification. Flow physics and Navier-Stokes computations of compressible flows is presented
modeling, flow field, and boundary condition measurements are and fully described The method proposed is quite robust and the
emerging as critical data. Four types of experiments are introduced results obtained by appling it to transonic airfoil computations are
and examples are given that meet the challenge of validation: in fairly good agreement with the experiments and with
flow physics experiments; flow modeling experiments; calibration computations made by other authors using much finer meshes
expenments. and verification experiments. Measurement and Thus this technique allows the computation of such flows for
accuracy requirements for each of these differ and are discussed, practical use even on small computers Author
A comprehensive program of validation is described, some
examples given, and it is concluded that the future prospects are
encouraging. Author

N69-18613# National Aerospace Lab., Amsterdam
(Netherlands)
NUMERICAL ACCURACY ASSESSMENT N89-18619# National Aerospace Lab.. Amsterdam
J, W BOERSTOEL In AGARD, Validation of Computational Fluid (Netherlands).
Dynamics. Volume 1 Symposium Papers and Round Table THE INTERNATIONAL VORTEX FLOW EXPERIMENT
Discussion 18 p (SEE N89-18610 11-34) Dec. 1988 A. ELSENAAR, L HJELMBERG, K BUETEFISCH. and W J
(AGARD-CP.437-VOL-1) Avail: NTIS HC A25/MF A01 BANNINK (Technische Hogeschool, Delft. Netherlaris I in

A framework is provided for numerical accuracy assessment AGARD, Validation of Computational Fluid Dynamics /olume I
The purpose of numerical flow simulations is formulated This Symposium Papers and Round Table Discussion 2-. p (SEE
formulation concerns the classes of aeronautical configurations N89-18610 11-34) Dec. 1988
(boundaries), the desired flow physics (flow equations and their (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
properties), the classes of flow conditions on flow boundaries Experimental results of the International Vortex Flow Experiment
(boundary conditions), and the initial flow conditions. Next, accuracy are presented In this joint program, the vortex flow development
and economical performance requirements are defined: the final on a 85 deg delta wing was studied for Mach numbers between
numerical flow simulation results of interest should have a 0 4 and 4 The experimental results include pressure and force
guaranleed accuracy, and be produced for an acceptable measurements. surface flow visualizations and flow field surveys
FLOP-price Within this context, the validation of numerical The influence of leading edge shape (sharp or rounded), a decrease
processes with respect to the well known topics of consistency, in leading edge sweep (to 55 deg). the addition of a canard wing
stability, and convergence when the mesh is refined must be done and yaw effects were measured and analyzed in some detail as
by numerical experimentation because theory gives only partial far as vortex development, shock wave fcrmation and vortex
answers This requires careful design of text cases for numerical break-down are concerned Particular attention wa, given I,
experimentation Finally. the results of a few recent evaluation experimental details that affect the comparison with theory. Some
exercises of numerical experiments with a large number of codes specific test cases for computer code validation are
on a few test cases are summarized Author recommended Author
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N89-1120# Dornier-Werke G.m.b.H.. Fnedrichshafen (Germany, conditions for steady flow, frequency of oscillation, and the use of
F.R.). subiterations at each time step to reduce linearization and
STATUS OF CFD VALIDATION ON THE VORTEX FLOW factorization errors. Comparisons between Euler and potenbal flow
EXPERIMENT results are made, as well as with experimental data where
B WAGNER. S. M. HITZEL, M. A. SCHMATZ, W. SCHWARZ, A. available. Author
HILGENSTOCK, and S. SCHERR (Deutsche Forschungs- und
Versuchsanstalt fuer Left- und Raumfahrl. Goettingen, Germany, N89-18625# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
F.R. ) In AGARD, Validation of Computational Fluid Dynamics. (Germany, F.R.).
Volume 1: Symposium Papers and Round Table Discussion 10 p VERIFICATION OF AN IMPLICIT RELAXATION METHOD FOR
(SEE N89-18610 11-34) Dec. 1988 STEADY AND UNSTEADY VISCOUS AND INVISCID FLOW
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 PROBLEMS

The vortex flow phenomena developing at highly swept wings M. A. SCHMATZ, A. BRENNEIS, and A. EBERLE In AGARD,
by leading edge separation are of great interest for fighter and Validation of Computational Fluid Dynamics. Volume 1: Symposium
missile aerodynamics. While panel methods are already known Papers and Round Table Discussion 33 p (SEE N89-i8610
for more than a decade to satisfactorily model the roll-up of the 11-34) Dec. 1988
corresponding vortex sheets at subsonic speed, Euler methods (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
became available in the early 80's for predicting these effects A 3-D Navier-Stokes code (NSFLEX) and an unsteady Euler
also in the transonic and supersonic speed ranges. Subsequent code (INFLEX3) is described. The fundamental feature of both
trials to validate such transonic vortex flow computations revealed methods is a Godunov type averaging procedure based on an
the experimental data basis to be very poor for high speeds and, eigenvalue analysis of the inviscid equations for the calculation of
in consequence, the International Vortex Flow Experiment on Euler the inviscid fluxes. Up to 3rd order accuracy in space is employed
Code Validation was set up. More recently, also three dimensional for the flux calculation. The unfactored implicit equations are solved
Navier-Stokes codes could be applied in order to clarify the role ir time dependent form by a Newton method. Relaxation is
of viscous effects and to investigate in detail the neglect of those performed with a point Gauss-Seidel technique. Both codes are
in the Euler solutions. A survey is presented on the Euler code highly vectoized. Because the codes are finite volume schemes,
validation based on the Symposium on the IVFE in 1986 and they are flexible in handling complex geometries. The NSFLEX is
additional insight is given into some related Euler and Navier-Stokes applied to steady viscous 2-D airfoil and 3-D delta wing flows at
work done in West Germany more recently Author transonic Mach numbers including vortices. The method compares

very well with the experiment. The INFLEX method is applied to
N89-18621# Notre Dame Univ, IN. Dept. of Aerospace and the unsteady Euler equations in order to predict time accurate.
Mecnanical Engineering. unsteady, subsonic and transonic flows about 3-D configurations
FLOW FIELD SURVEYS OF LEADING EDGE VORTEX FLOWS oscillating in the flow. Numerical results are given for a rectangular
T. T. NG, R. C. NELSON, and F. M. PAYNE (Boeing Commercial supercritical wing and the so-called LANN-wing. Comparisons show
Airplane Co., Seattle, WA.) InAGARD, Validation of Com-uto-, gr- .,q,:m,, witJ .xpc:.i.xnts for a wide ra,:ge o Mach
Fluid Dynamics. Volume 1: Symposium Papers and Round Table numbers. Viscous effects, especially at the rear of the wing, explain
Discussion 13 p (SEE N89-18610 11-34) Dec. 1988 some deviations. Author
(AGARD-CP-437-VOL-t) Avail: NTIS HC A25/MF AOl

The phenomenon of vortex breakdown over slender delta wings N89-18626# Avrons Marcel Dassault. Saint-Cloud (France) Div
is examined experimentally. Measurements of leading edge vortex of Etudes Avancees.
structures were obtained using both flow visualization and detailed RELIABILITY AND VALIDITY OF CFD CODES: FLIGHT AND
wake surveys using either a seven hole pressure probe or a I I WIND TUNNEL COMPARISON [FIABILITE ET VALIDITE DES
Doppler anemometer. The structure of the leading edge vortex on CODES DE C.F.D. COMPARAISON AU VOL ET A LA
a family of delta wings is presented. The delta wing models were SOUFFLERIE]
sharp-edge flat plates having leading edge sweep angles of 70, G. HECKMANN In AGARD, Validation of Computational Fluid
75, 80 and 85 degs. These models were tested at angles of Dynamics Volume 1: Symposium Papers and Round Table
attack of 10, 20, 30 and 40 degs in a Reynolds number range of Discussion ft p (SEE N89-18610 11-34) Dec. 1988 In
8.5 x 10,000 to 6.4 x 10,000 Data is presented on vortex FRENCH
trajectories, wake surveys, and swirl angles before and after vortex (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A0l
breakdown. In addition, the effect of Reynolds number on the Considerations for the evaluation of CFr) (computational fluid
vortex surveys is discussed. The data presented represents a dynamics) software are discussed with particular emphasis given
portion of a large ..xpehmental data base that should be of value to the comparison of code predictions with flight dnd wind tunnel
to the development and validation of computational models of test data. Overall robustness of the computational procedure, code
leading edge vortices. Author portability, documentation, maintenance, and error detection,

correction are discussed along with other factors that effect
N69-18624"# National Aeronautics and Space Administratii. general reliability aid quality. The use of wind-tunnel pressure
Langley Research Center, Hampton, VA. data, velocity fields and flow visualization results for code validation
ACCURATE SOLUTIONS, PARAMETER STUDIES AND is addressed along with the use of tlirct-test local measurements
COMPARISONS FOR THE EULER AND POTENTIAL FLOW and drag response data. Author
EQUATIONS
W. KYLE ANDERSON and JOHN T. BATINA In AGARD, Validabon N89-18627# Office National d'Etudes et de Recherches
of Computational Fluid Dynamics. Volume 1: Symposium Papers Aerospatiales, Paris (France)
and Round Table Discussion 16 p (SEE N89-18610 11-34) Dec SEPARATION AROUND ELLIPSOID-TYPE OBSTACLES:
1988 Previously announced as N88-28892 MODELING AND VALIDATION EXPERIENCES IDECOLLEMENT
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF AOl CSCL SUR OBSTACLES DE TYPE ELI IPSOIDE EXPERIENCES DE
20D VALIDATION ET MODELISATIONI

Parameter studies are conducted using the Euler and potential D BARBERIS and B. CHANETZ In AGARD, Validation of
flow equation models for steady and unsteady flows in both two Computational Fluid Dynamics. Volume 1: Symposium Papers and
and three dimensions. The Euler code is an implicit, upwind, finite Round Table Discussion 17 p (SEE N89-18610 11-34) Dec.
volume code which uses the Van Leer method of flux vector 1988 In FRENCH; ENGLISH summary
splitting which has been recently extended for use on dynamic (AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01
meshes and maintain all the properties of the original splitting. In the aim of understanding 3-D separation phenomenon and
The potential flow code is an implicit, finie difference method for obtaining detailed experimental data for the development and
solvng the transonic small disturbance equations and incorporates calibration of numerical models, wall measurements (pressures.
both entropy and vorticity corrections into the solution proceduros surface flow visualizations by viscous coating), flow field
thereby extending its applicability into regimes where shock strength measurements with pressure probes and , directional laser Doppler
normally precludes its use Parameter studies resulting in velocimeter were carried out on blunt bodies of simple form Vortex
benchmark type calculations include the effects of spatial and flows and boundary layers near the plane of symmetry were
temporal refinement. spatial order of accuracy, far field boundary investigated. Experimental data were used for the validation of a
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numerical method for the separation hne Differences observed N89-18636# Technische Hochschule, Aachen (Germany. F R.
between theoretical and experimental results on turbulent quantities Inst for Jet Propulsion and Turbomachinery
indicate some insufficiences of the turbulence model used SOLUTION ON UNSTRUCTURED GRIDS FOR THE EULER- AND

Author NAVIER-STOKES-EOUATIONS
W KOSCHEL. M. LOETZERICH Dorner-Werke G.m.b H.,
Friedrichshafen. Germany, F.R. ), and A. VORNBERGER In

AGARD. Validation of Computational Fluid Dynamics. Volume 1
Symposium Papers and Round Table Discussion 16 p (SEE
N89-18610 11-34) Dec. 1988 Sponsored in part by Deutsche

N89-18633# British Aerospace Public Ltd. Co., Bristol (England) Forschungsgemeinschaft. Fed. Republic of Germany
Dynamics Div. (AGARD-CP-437-VOL-1) Avail: NTIS HG A25/MF A01
DEVELOPMENT AND APPLICATION OF A WEAPONS An explicit Finite Element scheme based on a two step
MULTIBLOCK SUITE Taylor-Galerkln algorithm was developed for solving the Euler and
P A. SHEPHERD and G. R. TOD In AGARD, Validation of Navier-Stokes equations The spatial discretization is based on an
Computational Fluid Dynamics. Volume 1: Symposium Papers and unstructured Finite Element nesh. The adaptive grid refinemer-t
Round Table Discussion 17 p (SEE N98-18610 11-34) Dec technique which is incorporated in the code, allows a local
1988 Sponsored in part by Ministry of Defence, United Kingdom refinement of the grid by mesh enrichment. For validation, the
(AGARD-CP-437-VOL-1) Avail: NTIS HC A25/MF A01 method is applied to the simulation of the flow around a cylinder

A Multiblock Euler capability for use on weapons in the project and a sphere, a regular shock reflection at a wall, the interaction
environment is described, with comparisons between predicted and of an oblique shock wave with a laminar boundary layer and the
experimental data being given for a number of weapons related flow through a scramjet inlet and a turbine cascade. The computed
problems The present Jameson flow code is shown to produce results generally show a satisfying agreement with analytical
good agreement with experiment in most cases, covering a wide solutions and experimental data. Author
,c -je of Mach number and incidence. The limitations of the code
for more general weapon applications, where viscous effects
dominate, is aiho clear Extensions of the existing flow solver to
higher Mach number and the modeling of viscous phenomena.
will form the subject of further development, Author

N89-18637# Ecole Polytechnique Federale de Lausanne
(Switzerland). Hydraulic Mechanics and Fluid Mechanics Inst
VALIDATION OF AN EULER CODE FOR HYDRAULIC

N89-18634# General Dynamics Corp.. San Diego. CA. Convair TURBINES
- Gmv.F. THIBAUD. A. DROTZ, and G. SOTTAS In AGARD, ValidationARCJET VA DATION OF S'JRFACE CATALYCITY USING A of Computational Fluid Dynamics Volume 1 Symposium Pap -.

ICOU VA LAION OFPRAC USINGA and Round Table Discussion 14 p (SEE N89-18610 11-34) Dec
VISCOUS SHOCK-LAYER APPROACH 1988 Sponsored in part by Commission d'Encouragement des
ALLEN D. ZWAN. RICHARD S CROOKS, and WALTER J Rechreches Sciontitigues. Switzerland. Atelers de Constructions
WHATLEY In AGARD. Validation of Computational Fluid Mecaniques de Vevey S.. Switzerland and SuizerEscher-Syss
Dynamics Volume 1: Symposium Papers and Round Table Ltd., SwitzerlandDiscussion 13 p (SEE N89-18610 tt-34) Dec. 1988Ld.Siteln
iscusDion137VDLStE Avail:610 NTIS4) HG c. 19F t(AGARD-CP-437-VOL-1) Avail. NTIS HC A25/MF A01

(AGARD-CP-437-VOL-s) Avail: NTIS HC A25/MF A01 Validation of a 3-D internal incompressible stationary Euler llowA 2-a planar viscous shock layer code was developed to solver was performed A finite volume discretization scheme wtth
analyze surface catalytc effects on small leading edge test an explicit time integration is used The influence of the numericalspecimens in an arcjet environment An arclet test was performed scheme parameters on the solution and on the convergence is
to generate validation data for the newly ueveloped cooe. in, extensively studied The geometry on which the numerical and
test program consisted of testing leading edge test specimens experimental comparisons are presented is the runner of an
with radi of 0 10. 0.25 and 0.35 inches Test specimens of each hydraulic Francis turbine The difference between calculated and
radius were coated with silicon carbide, silicon monoxide. or n:ckel
The code predicted the surface recombination rates for silicon eaperimental integral values is less than 0.2 percent Author
carbide and nickel coatings These rates agree with other values
found in similar literature. Author

N89-18638# Pennsylvania State Univ , University Park
N89-18635"# National Aeronautics and Space Administration Aerospace Engineering Dept
Lewis Research Center. Cleveland. OH COMPUTATIONAL TECHNIOUES AND VALIDATION OF 3D
CFD VALIDATION EXPERIMENTS FOR INTERNAL FLOWS VISCOUS/TURBULENT CODES FOR INTERNAL FLOWS
LOUIS A POVINELLI I AGARD, Validation of Computational B LAKSHMINARAYANA, K R KIRTLEY, and M WARFIELD n
Fluid Dynamics Volume 1. Symposium Papers and Round Table AGARD. Validation of Computational Fluid Dynamics. Volume 1

Disrussion 13 p (SEE N89-18610 11-34) Dec 1988 Previously Symposium Papers and Round Table Discussion 17 p (SEE
announced as N88-16679 N89-18610 11-34) Dec 1988 Sponsored in part by Naval Ship
IAGARD-CP-437-VOL-t) Avail NTIS HC A25/MF A0l CSCL Research and Development Center, delhesda. MD
200 (AGARD-CP-437-VOL-1) Avail. NTIS HC A25/MF A01

Computational Fluid Dynamics (CFD) validation experiments at The computational techniques and codes developed for the
NASA Lewis are described The material presented summarized prediction of 3-D turbulent flows in internal configurations and rotor
the research in 3 areas Inlets, ducts and nozzles, Turbomachinery, passages are described Detailed calibration and validation of the
and Chemically reacting flows The specific validation activities flow fields in 90 deg curved ducts, cascades, end wall flows and
arp concerned with shock boundary layer interactions, vortex turbomachi:iery rotors are presented Interpretation and comments
generator effects, large low speed centrifugal compressor on accuracy, level of agreement with various turbulence models
measurements, transonic fan shock structuie, rotortstator kinetic and limitations of the codes are described The single pass space
energy distributions, stator wake shedding characteristics, boundary marhng code is found to be efficient for curved duct and 2-0
layer transition, multiphase flow and reacting shear layers These cascade flows Multlipass space marching, time marching and zonal
experiments are intended to provide CFD validation data for the methods are found to be accurate for complex situations The
internal flow fields within aerospace propuLion system efficiency and accuracy of a zonal technique, with saving in
components Author computational time, is demonstrated Author
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NB9-18639# Institut de Mecanque des Fades de Marseille N89.18646# Palermo Univ (Italy) Dipt. di Ingegneria Nucleare
(France) TIME-DEPENDENT NUMERICAL SIMULATION OF THE
WIND TUNNEL VALIDATION OF AERODYNAMIC FIELD STARTING FLOW OF AN INCOMPRESSIBLE FLUID PAST A
CALCULATION CODES FOR ROTOPS AND PROPELLERS IN DOWNSTREAM-FACING STEP
VAIIOUS FLIGHT CONDITIONS IVALIDATION A L'AIDE M CIOFALO and M W COLLINS (City Univ, London. England I
DnESSAIS EN SOUFFLERIE DE CODES DE CALCUL DU CHAMP In AGARD. Validation of Computational Fluid Dynamics Volume
AERODYNAMIOUE DE ROTORS ET D'HELICES DANS DES 1 Symosium Papers and P.rid Tate Dilssion 16 p (SEE
CONDITIONS DE VOL VARIEES] N81 1,610 tt34) Dc%; 1988
C MARESCA, D FAVIER, M NSI MBA, and C BARBI In AGARD, (AGARD-CP-437-VOL-t) Avail: NTIS HC i25/MF A01
Validation of Computational Fluid Dynamics. Volume I: Symposium An impulsively generated transient flow of an incompressible
Papers and Round Table Discussior, 16 p 'SEE N9-186t0 "luid past a complex shaped body is investigated numencally using
11-34) Dec 1988 In FRENCH the 2-17) Navier-Stokes equations The geometry is a flat plate
(AGARD-CP-437-VOLt) Avail NTIS HC A25/MF A01 with a backward facing step and a blunt trailing edge Reynolds

The aerodynamic characteristics of helicopter rotors and numbers, based on a free stream velocity and step height, range
propellers ope-ating in various flight modes were studied using from 50 to 500. Results are compared with flow visualization data
both numerical codes and wind tunnel tests The use of the wind in water The influence of boundary and initial conditions.
tunnel results to validate and improve three computational codes differencing scheme, time stepping. pressure velocity coupling
,s discussed The codes specifically cover helicopter rotors in algorithms and other computational pararoeters is discussed A
stationary (hovering) flight, propellers in translational flight, and literature review is included of experimental and predictive studies
he-Icopler rotors in forward flight Author on laminar and transitional flow past backstep A tha

N89-18647 # National Aeronautics and Space Adninistration
Langley Research Center. Hampton. VA
A COMPARATIVE STUDY AND VALIDATION OF UPWIND AND
CENTRAL-DIFFERENCE NAVIER-STOKES CODES FOR

1189-18f401 Nerges Teknsme Hoegskoie Trondheim Div c' HIGH-SPEED FLOWS
DAVID H RUDY. AJAY KUMAR. JAMES L THOMAS, PETER A

Hydro- and Gas Dynamics GNOFFO, and SUKUMAR R CHAKRAVARTHr (Rockwell
V1,IIDATION OF A 3D EULER/NAVIER-STOKES FINITE international Science Center, Thousand Oaks. CA I In AGARD
VC.UME SOLVER FOR A RADIAL COMPRESSOR Validation of Computational Fluid Dynamics Volume 1 Symposium
LARS-ERIK ERIKStuON and JAN TORE BILLDAL In AGARD. Papers and Round Table Discussion 15 p (SEE N8911631'
Validation of Computational Fiuid Dynamics Volume I Symposium 1-341 Dec f988
Papers and Round Table Discussor 9 p (SEE N89 18610 (AGARD-CP-437-VOL-1) Avail NTIS HC A25,'MF A01 CSCL
11 34) Dec r9E 20D
IAGARD-CP-437-VOL-1) Avail NTIS HC A25 MF A01 A comparative study was made using 4 different compuler

The applicafion of a time marching Euler Navier-Stokes soultion codes for solving the comressibe Navei.Stokes equaoi.u Three
procedure to 3 D compressible turbomachnery flow is descnbed different test problems were used eact o which has features
The method is based on the cell-centered finite ciume technique typical of high speed internal flow problems of praclcal-portar-
and explict Runge-kutta time stepping A centered and compact in the design and analysis of propulsion systems lot advanced
difference scheme is used to obtain the velocity and temperature hypersonic vehicles These problems are the supersonic flow
gradients needed in the viscous flu terms and a standard algebraic between two walls one of which confains a tO (uon compression
lurbuience mode, is niuded in the method Computatona results ramp. the flow through a hypersonic inlet and the flow in a3 D
or th, wep known Eciioedl rnpeit show that the viscous m-dcl corner formed by the r te'secton of two sym etrc wedges Three

comes significantly closer to the experimental data than the Euler of the computer codes use similar recently developed imptot
model The results of a thn layer version of -- -iscous sol.'er vpwind diifereing technology, while the fourth uses a well

rie in very close agreement with those of the ui Naier Stokes established explicit method The computed results weie comparer
solvei Author with experimental data where available Autho

N89-18648n Advisory uroup lor Aerospace Research and
Development Neully-Sur-Seine IFrail Fluid Dynamics Pane
VALIDATION OF COMPUTATION.A i FLUID DYNAMICS.
VOLUME 2: POSTEHI PAPERS

N89-18643v Air ,'ce Sestems Command. Wright Patterson AlFf Dec 1988 239 p Symposium held i L no Portiy I
Or Aeronakitcal Systems Div May 988
EFFORTS TOWARD THE VALIDATION OF A COMPUTATIONAL iAG ARD.CP.437 VOL 2, ISBN 92.835-iy0 9
FLUID DYNAMICS CODE FOR ANALYSIS OF iNTERNAL SBN-92-835-0491-7) Avail NTIS HC At 1MF AT)
AERODYNAMICS ACARDs Fluid Dynamics Panel has sponsored a Vym,,..
P , 3[EIMFS D 6S ARBITFR and R D DYER In AGARD with the specific intent if examining activities Pote curiputationa
laidaton of Comnputational Fluid Dynamics Vlu e I Symposium a,! experimental, directed toward validatnd oreai~iati.
--ayets and Bounid Table Discussion 13 p ISEE N89 18610 computtional fluid dynamics (CvDl codes over a tice spe'tr rri
1 134) Dec 1988 of fluid-dynamics study areas The oblectives Of the Semposium
iAGARD-CP-437 VOL 1t Avail NTIS HC A25'MF A0 were to identify the level of agreement f umeri-ei sofution

A two-dimensiial axisymmetric Reynolds averaged Naver- aijorithms and physical models with exprimentr and or analvtica.
Stokes cre PARC2D. u-s selectec to aid r, the era;ys co' data, to idenl r s oi validity for given tl,,* solers and :o
,"tnal aerodynamics problems Be!ore imp ameeting the code denify flow regions where significant gaps exist andi further work
,n act-jual e,ystems applicaticis, the codes results were compared is warranted For individual tiles see N89-18849 throudr
with experimental data to determine the extent of ts uselulness N89-18663
The uionfigurailons chosen for code validation were t I a
I,o dimensional hypersonic inlet. 12) an axisymmetii N89-18651# insitilo Superior Tecnico [lobe - iPortugal) Dept
convergent-divergent nozzle and (31 an avisymmeic subsonic of Mechanical EnpneeiinT
dihiser The ability of the method to readily perform engineerng FINITE DIFFERENCE METHODS IN RECIRCULATING FLOWS
er,idcons on mternv aerodynamics problems is d.scussed J I F PEREIRA and F DiRST Eriaigen-Nurember Univ

Sample grids for each ci f-utahon as well as comparsons of Gnany F R I in AGARU. Validation of Computational I aurd
coipuralonal ar d npc. 'r -tal res.,lts are presented The Dynamics Volume 2 Fe Papers 2 SFF N9 88..6 ! 1tl41
PARC2D code was ahle to predict the hypersonic inlet flow held Dec tumd
trends and shocd sfructure but had dilfficaty in predicting forebod IA(iARD -P 4:3 VOL 2) hvai NrIS HI" Al I MF Ai
osses PAR-PID provided good agreemenf with experimental data Numerical solutons of ie two 1,tmens,ia Savr Sri-ke-
1or both the owzifn a well as the subsnic diffuser A. Ihor equatons usnq finite dillerencr approacre- , wht,, jliffeient
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numerical schemes for the dlscretization of the convective terms N89-18662# Technische Univ. Brunswick (Germany. FRI Inst
are used are discussed The errors amstnq in the solution of the fuer Stroemungsmechank
recirculating flows are mainly attributed to the convective DOCUMENTATION OF SEPARATED FLOWS FOR
discretizahon schemes and, hence knowledge of different numerical COMPUTATIONAL FLUID DYNAMICS VALIDATION
schemes is essenhal to accurately predict complex recirculating DIETRICH HUMMEL In AGARD. Validation of Computational
flows To assess the performance of prediction schemes, it is Fluid Dynamics. Volume 2: Poster Papers 24 p (ScE N89-1864
necessary to carry out oredlictiuis in ,arefully selected laminar 11-34) Dec 198f
flows For this reason the flows examined are all in the famcar (Contac' DFG-SCHL-5/82; HU254/2: HU254/8.

regime and emphasis is given to nu erical solutions with bMvia-/HI,-i-41 1a udtbu l di4u , BMVG.T/RF4 /D0 101itt t4it)
laser-Doppler measurements Author (AGARD-CP-437-VOL 2) .^r.url: NTIS HC Alt /MF A01

In recent years a large number of separated flows have been

studied at Institute tur Stromungsmechanik of TU Braunschweig
N89-18656# Erlangen-Nuremberg Univ (Germany, F.R.) and a lot of experimental data are available Some flows are well

SOLUTION ERROR ESTIMATION IN THE NUMERICAL understood in many details and properly documented, so that they
PREDICTIONS OF TURBULENT RECIRCULATING FLOWS can be used as test cases for computational fluid dynamics
R KESSLER. M PERIC. and G. SCmEJERER In AGARD, validation. The topics of separated flows to be treated here are

Vatidatior, of Computational Fluid Dynamics Volume 2 Poster low speed flows around delta wings, double-delta wings and canard
Papers 12 p (SEE N89-18648 11-34) Dec. 1988 configurations as well as hypersonic flows in axial corners of
(AGARD-CP-437-VOL-2) Avail: NTIS HC Alt/MF AOt intersecting wedges. The experimental results are summarized

An efficient method for numerical solution error estimation The main results are presented and a detailed documentation is

and its application to numerical predictions of turbulent recirculating provided on where and in which form these results are available
flows are presented A finite volume method with colocated variable Author

arrangement is employed to solve the flow and k-epsilon turbulence
model equations The two-dimensional, turbulent flow over an

obstacle in a plane channel is selected to demonstrate the
necessity of the error estimation Recent laser Doppler 35
measurements are available for this geometry The error estimation
method, which is applied to each solution variable, serves two INSTRUMENTATION AND PHOTOGRAPHY
purposes Firstly, it aids in the construction of an optimum numerical
grd Secondly, the information of the location and magnitude of Includes remote sensors: mcasurig instruments and gages.
the numerical errors is essential to draw reliable conclusions from

crparsons of numerical results and experimental data The detectors, cameras and photographic supplies: and holography

procedure outlined here is based on Richardson extrapolation and

rciables an accurate assessment of the performance of the N87-20180# lorgs Tolinis k, Hieovukile, Trondheim Dept of
employed turbulence model and, hence, of the complete numerical
solution method Author Phy- Cs.

TV-HOLOGRAPHY: A PROMISING INSPECTION TOOL FOR
ANALYSIS OF COMPOSITE MATERIALS

N89-18659# Florence Univ (Italy) Dipt di Energcica OLE J LOKBERG. JAN T MALMO and ARVID STRAND
ACCURACY AND EFFtCIENCY OF A TIME MARCHING (Conspectum A/S, Trondheim. Norway ) in AGARD The Repair
APPROACH FOR COMBUSTOR MODELING of Aircraft Structures Involving Composite Mat,.rials 7 p fSEE

A BORETTI and F G MARTELLI In AG.^D, Val-idaion of N87.20174 13-01) Oct 1986

Computational Fluid Dynamics Volume 2: Poster Papers 17 p (AGARD-CP-402) Avail NTIS HC Art /MF A01

(SEE N89-1864 11-34) Dec. 1989 Holographic measuring techniques combined with the speed

(AGARD-CP-437-VOL-2) Avail: NTIS HC At t/MF A01 and convenience of video recording and display, providea 3 l-time

Research on numerical modeling of turbulent reactive gas flows system which can be used to reveal extremely small movements

is being conducted at the Unicersity of Florence Department of By various excitation-fike heating pressure and vibrairrs. we

Energy Engineering (DEF) to provide mproved analytical models detect object defects and structural weaknesses Th system

of combustion devices The obiective is to develop adequate construction and its modes ol operation air discussed F, ais

mathematical models of fr ,ical processes and a solution some examples are given of the aphlications of the systm

algorithm with suitable num-,cal properties Both the flow model Au hll/r

and The numenical method adopted are described in detail

Author N87-20359# MATRA Espace. Toulouse (France) Dept of
Satellite Engineering
QUALIFICATION OF THE FAINT OBJECT CAMERA

N89-18661# Deutsche Forschungs- und Versichsanstalt leer PATRICE AMADIEU In AGARD Mechanical Qualification of Large
Luff. und Raumfahrt. Brunswick (Germany, F R f Flenible Spacecraft Structures 13 p (SEE N87-20355 13 181 Jul
INVESTIGATION OF THE ACCURACY OF FINITE VOLUME 1986
METHODS FOR 2- AND 3-DIMENSIONAL FLOWS IAGARD-CP-397) Asail NTIS H( A12/MF A0t
C ROSSOW, N KROLL. R RADESPIEL. and S SCHERR In The Faint Object Camera (FOC) is presently integrated as one

AGARD. Validation of Computational Fluid Dhnamics Volume 2 of Ihe five Scientific Instruments in the NASA Spare Telescope
Poster Papers It p (SEE N89-18648 r 1.34) Dec t988 [ST) which after an extensive integration and tests campaign should
(AGARD-CP-437-VOL-2) Avail NTIS HC AtI/MF A01 be launched in 1986 The Space Telescope is an observatory of

The accuracy of finite volume methods 1or the discretiaon of 13 metres long, 4 3 metres diameter and 11,000 kilogr,-smes
the unsteady Euler equations in rhe cartesian coordinate ame is which will toe placed by the Space Shuttle in a 500 kms ci. :ular
investigated For finite volume methods general requirements are orbit The Faint Object Camera installed at the ST focal plane is

jrivei for a spatial d(screhzatio which yields tirsr order accuracy a complex instrument with a total weight of 320 kgs and overall
on arbitrary meshes An error analysis snows that in two dimensions dimensions 1 y 1 x 2 2 metres A Structural/Thermal Model (STM)
nethods based on a cell verrix scheme meet these requirements and flight model of the FC have been built The FOC/STM was
wheres methods based -,i a coil centered scheme do not subjected to an extenslve test program wilh for the mechanical
Numeical results on different two-dimensional meshes confirm the part, sine and random vibraions. acoustic noise and modal tes
th. ,eticCal iratemen that only cell vertex schemes perform On the FOC/PFM. acoustic noise only was applied for workmanship

accurately on grids with slope discontinuities Jsing structured verificatior) Wit' the FOC integrated now in the Space Telescope

ciordinate grids for complex three-dimensional (low problems even and considni ng the specimen overall dimensions, limited
-eli vert-v Schemes require additional effort to ensure first order mechanical testing will be applied at ST level w ch will consist of
acruracy on arbitrary meches The applicabli y of the coll verle, modal survey and acoustic noise Then at the end or the test
scheme is demonstrated by the caiculator Of the flow field in a program. the overall assembly wil be shipped to Kenndey Space
nozzle and the flow around a powered nacelle Author Center and launched Author
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N87-21187# Land Turbine Sensors. Inc., Tullytown. PA. N87-29478# Marconi Avionics Ltd.. Rochester (England).
SOME CONSIDERATIONS RELATING TO AERO ENGINE Guidance Systems Div
PYROMETRY A LOW COST GYROSCOPE FOR GUIDANCE AND
P J. KIRBY In AGARD Advanced Instrumentation for Aero Engine STABILISATION UNITS
Components 14 p (SEE N87-21170 14-31) Nov. 1986 D. G HARRIS In AGARD. Advances in Guidance and Control
iAGARD-CP-399) Avail: NTIS HC A24/MF A01 Systems and Technology 9 p (SEE N87-29474 24-04) Jul. 1987

With turbine blade optical pyrometry rapidly becoming accepted (AGARD-CP-411) Av" NTIS HC A07/MF AOl
by the aerospece cnmmunity as a viable flight control technique, The potential requirements for a rugged moderate accurecy
some of the traditional and emerging demands are descnbed, low cost gyro are very large, especially in smartening simp:e
with examples of how they are being addressed. Many of these weapons, Suitable candidate weapons are identified and a
demands are now being met by skillful application of materials composite specification derived for gyroscopes that would satisfy
technology, electronic engineering, signal processing and fluid flow the guidance and stabilization requirements. A development
tech.vques, but it is probable that flight conditions will impose a program is then described which is aimed at producing a suitable
more pragmatic approach than customarily adopted towards test gyro by the combination of a well established principle for angular
bed installations Author rate measurement and the latest materials and electronic

techniques. A considerable effort was expended on basic

N87-21188# Technische Hochschule, Aachen (Germany. F.R.). experimental work before prototype batches of gyros were made.

Inst for Jet Propulsion and Turbomachinery Results from the test of the later can survive cannon firing without

TURBINE ROTOR BLADE MEASUREMENTS USING INFRARED performance degradation. This was demonstrated by informal tests

PYROMETRY with potential customers. The discipline of regular estimates of

W. KOSCHEL. D. SALDEN, and T. HOCH In AGARD Advanced unit production cost was firmly maintained to avoid a major pitfall

jnstrumentation for Aero Engine Components 16 p (SEE of sub-inertial quality gyro design However, there are many past

N8721170 14-31) Nov 1986 projects which bear witness to the fact that this is an unforgiving

(AGARD-CP-3 ') Avail: NTIS HC A24/MF A01 art and the necessity for continuous attention to detail must be

An infrared pyrometer system was developed for the maintained if the START design is to be successfully taken through

noncontacting measurement of metal temperatures on turbine rotor to mass production Author

blades The system with a high bandwidth ratio, a small target
size and a high signal-to-noise ratio meets the roquirements for N87-29479# Naval Air Development Center. Warminster. PA
the accuracy of temperature measurements to be performed on Strapdown Navigaton Lab
small gas turbines running at high speeds. The system set-in is tON NaViON Lab.
described and special features of the probe head design. me INTEGRATED INERTIAL SENSOR ASSEMBLY (MIISA)
lay-out or ihe detector/amplifier unit and the signal processing INTEGRATED INR I S RASSML aMdIA
are discussed in detail. Results of the automated calibration of an JA JRNval Ai Syst Jand. a n D S
infrared pyrometer system concerning the influence of variations GLISTA, JR. (Naval Air Systems Command. Washington. D C)
n the target-to-lens distance, in the lens stop diameter and in the In AGARD. Advances n Guidance and Control Systems and
observation angle on the detector signal output are reported. Finally Technology 9 p (SEE N87-29474 24-04) Jul. 1987
some results of temperature measurements obtained for the cooled (AGARD-CP-41 1) Avuil: NTIS HG A7/MF Aritrotor blades of a small reseurch turbine are presented. Author The US. Nuavy, Air Fo~rce. an

"7 
Army are in the process 01

formalizing the joint service development and flight evaluation of
the Multi-Function Integrated Inertial Sensor Assembly (MIISA)

N87-21194# Instituto Superior Tecnico. Lisbon (Portugal) Dept The MIISA concept will provide a reliable, standardized.
of Mechanical Engineering fault-tolerant, system which will serve as a common source 0f
PROCESSING TECHNIQUES FOR COR1ELATION OF LDA AND inertial data. MIISA wil provide data for flight cortri navgaton.
THERMOCOUPLE SIGNALS weapon delivery, automatic terrain following terrain avoidance.
M N R NINA and G P A PITA In AGARD Advanced sensor/tracker stabilization. flight instruments, and displays A
Instrumentation for Aero Engine Components 8 p (SEE N87-21170 primary goal of this joint service activity is to resolve all technical
14-31) Nov. 1986 issues and make this capabilty available for the next generation
IAGARD-CP-399) Avail: NTIS HC A24/MF A01 fighter and attack aircraft and for advanced helicopters The Navy

A technique was developed to enable fie evaluation of the program to design, build, and evaluate an lISA Advanced
correlation between velocity and temperature, with laser Doppler Development Model was begun To insure that the lISA is suitable
anemometer (LDA) as the source of velocity signals and fine wire for installlation and flight test in an Air Force F-15. extensive
thermocouple as that of flow temperature The discontnuous nature laboratory testing will be undertaken at the NAVAIRDEVCEN
of LDA signals requires a special technique for correlation, in Strapdown Navigation Laboratory These tests involve the
particular when few seeding particles are present in the flow. The examination of lISA system perfcrmance for navigation and flight
thermocouple signal was analog compensated in frequency and control. These tests are discussed Author
the effect of the value of time constant on the velocity temperature
correlation was studied Author

N88-23145# Case Western Reserve Unv Cluveland. OH Dept
NS7-21202# Warwick Univ Coventry (England) Dept of of Mechanical and Aerospace Engineering and Chemical
Engineering Engineering
THE APPLICATION OF HOLOGRAPHY AS A TRANSONIC MATCHED INDEX LASER ANEMOMETRY SYSTEMS FOR FLOW
FLOW DIAGNOSTIC TO ROTATING COMPONENTS IN STUDIES IN COMPLEX GEOMETRIES
TURBOMACHINERY A DYBBS. R. V EDWARDS. and E RESHOTKO In AGARD,
P J BRYANSTON-CROSS /.t AGARD Advanced Instrumentation Aerodynamic and Relater' Hyarodynamic Studies Using Water
for Aero Engine Components 22 p kSEE N87-21170 14-31) Nov. Facilities 18 p (SEE N88-23125 16-34) Jun 1987 Sponsored
1986 in part by Case Center for Complex Flow Measurements. C3FM
(AGARD-CP.3991 Avail NTIS HC A24IMF AOf (Contract N00014-84-K-0294; NSF CME-79-13389)

A review is presented of the application of holography as a IAGARD-CP-413) Avail: NTIS HC A20/MF A01
whole field flow visualization diagnostic in turbomachinery. Starting Optical access to the flow is necessary it laser anemometry is
with two dimensional cascade testing, which required wavelength to be used to map a given flow field Often this access is difficult
tolera.:ed optical tables, it has now been found possible to obtain or impossible to obtain because of the shape of the oblect about
results with bolt-on optical components In order to achieve this, which (or within which) the flow exists. Examples are flows in
compromises have been made in optical quality and attention has porous media, ftudized beds. heat exchangers, or near sinusoidal
been given to the nature of the data required Holographic systems surfaces. Making the oblect of transpaient material su, r as of
are shown which have been appied to visualize the flow in a glass or plexiglas is not SL Ificient to provide a reliable, useabi,
linear cascade an annular cascade, a three dimensional optical environment for laser measurements It is often necessary
compressor shock in a rotating flow and a diffuser blockage to use a fluid whose index or refraction matches that of the
observed in a rotating turbocharaer Author object Author
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N88-27525# Advisory Group for Aerospace Research and source Single mode gas lasers are sufficiently coherent, but their

Development. Neuilly-Sur-Seine (France). large size, critical alignment requirements, and cost. limit their

FLIGHT TESTING UNDER EXTREME ENVIRONMENTAL appeal as light sources for optical sensors Semiconductor lasers.
CONDITIONS however, are compact, rugged and potentially ow-priced devices.

CLENDON L HENDRICKSON (Air Force Flight Test Center. but the magnitude of the phase noise is such that, to obtain

Edwards AFB, Calif,) Jun 1988 73 p microradian sensitivity in interferometrc sensors, only path
(riCA3D-AG-300-VOL-8; ISBN-92-835-0459-3: AD-A197579) differences less than one millimetre between the signal and

Avail NTIS HC AO4/MF A01 reference arms can be tolerated. This imbalance may be increased
The maior objectirv or Flight Testing under extreme it the magnitude of the laser phase noise can be reduced using

environmeral conditions is to determine to what exlent a weapon either passive optical feedback or active control of the laser drive

system, including its essential support equipment and attendant current. Both approaches are described Described first are
crews can accomplish the design mission in the required climatic proposed experiments to examine the feasibility of using an array
extremes, using Technical Order procedures. Such testing has of suitably spaced mirrors to provide passive optical feedback

historically often revealed design deficiencies that impact the Secondly, experiments to measure phase noise reduction produced
operational capabilities of the air vehicle involved. This volume in by active control of the laser drive current are reported together
the AGARD Flight Test Techniques Series discusses the with their results Author
philosophy, purpose and methods tr conducting ground and flight
tests of weapon systems in extreme environment conditions. The N87-21177# Deutsche Forschungs- und Versuchsanstall luer

areas onsidered include testing in a controlled artificial Luft- und Raumfahrt. Cologne (Germany. F.R.) Inst luer

environment, as well as cold arctic, hot desert, tropic, and Antriebstechnik.

adverse-weather conditions Also included are the technical and LASER-2 FOCUS VELOCIMETRY

safety aspects of planning, instrumentation, and data acquisition R. SCHODL In AGARD Advanced Instrumentation for Aero Engine

requirements, types of tests conducted and reporting Components 31 p (SEE N87-2t170 14-31) Nov 1986

requirements. Author (AGARD-CP-399) Avail NTIS HC A24/MF A01
A review is given of various publications about L2F-velocimetry

N88-28287# Advisory Group for Aerospace Research and Main emphasis is placed upon the important new advances of

Development, Neuily-SurSeine (France). this technique The manner of statistical data analysis of turbulent

THE ANATOMY OF THE GYROSCOPE flows including the simplified version which enables a time-saving
FRANK W COUSINS and JOHN L. HOLLINGTON. ed. (Smths measuring procedure is described is some detaii The influence

Industries Aerospace and Defence Systems Ltd.. Cheltenham. of beam diameter . beam separation ratio on the measuring

England I Feb. 1988 200 p accuracy and on the measuring time is treated The capability of

(AGARD-AG-313. ISBN-92-835-0441-0, AD-A197162) Avail the L2F-system at close-to-wall measurements could be further
NTIS HC A09/MF AOl improved. Results of measurements in a very small flow channel

This report on the gyroscope and its applications collates 'he and in a small turbocharger compressor rotor are presented The

techninal information to be found in the patent literature, augmented 3-D version of the L2F.system was successfully operated recenlly

by that in text books and technical journals The report is in three The principle, the optical set-up and the signal processing are

parts Part 1 is a patent survey arranged in a detailed classification, described and some firs, results are presented A comparison
Part 2 compnsec a bibliography of the references in Part 1. and between Laser Doppler (LD) - and Laser 2 Focus (L2F) velocimeters

Part 3. published is a separate volume, gives historical notes and gives answers about such signal properties as amplitude and rate

comments on the material of Parts 1 and 2 Author the smallest detectable particles and about the measuring time
needed, based on the probe volume dimensions Author

N89-17608# Liton Technische Werke, Freiburg (Germany,
F R I N87-21178# Cranfield Ins of Tech. Bedford (England) Schoc'
PACKAGED FIBER OPOtC GYROS of Mechanical Engineering
H J BUESCHELBERGER and W SCHROEDER In AGARD, SEEDING GAS FLOWS FOR LASER ANEMOMETRY
Guidance and Control of Precision Guided Weapons 7 p (SEE A MELLING InAGARD Advanced Instrumentation for Anro Enyin

N89-17605 10 15) Nov 1988 Components 11 p (SEE N87-21170 14-31) Nov 1986

IAGARD-CP-435) Avail. NTIS HC A05/MF Ant IAGARD.CP-399) Avail NTIS HC A24/MF A01
An rverview of the Fiber Optic Gyroscope (FOG) - Attitude The seeding of gas flows for laser anemometry is reviewe

and Heading Reference Systems (AHRS) program and the outlook The specification and determination of the size of seeding particles
for the application of FOG for smart munitions are given. The to ensure both an adequate response to velocity ctnges of the

main program is for the development Ot a FOG with a drift stability flowing medium and a sufficient light scattering capability are
of 0 1 1Ih, which is the class for strapdown AHRS. Flight tests examined critically A compromise between these confl-cting crileria
wth the LTR.81 Litton Technische Werke's standard AHRS. are is generally given as an upper limit on acceptable particle size
scheduled for the end of 1988 Author expressed as the diameter of an equivalent spherical particle

Problems arise in defining and quantifying this equivalent diameter.
generating particles of suitable size from a given material

36 measuring the particle size distribution at the generator evit. and
determining the size distribution aciually seen by the laser
anemometer Recommendations arc, made fot particle generators.

LASERS AND MASERS sizing methods, and -nterpreting the significance of quoted particle
distributions for laser anemometry purposes Author

Includes parami.rc amplifiers
N87-21 180# Cranfeld Inst of Tech. Bedford jEngland) School
of Mechanical Engineering

N87-13286# Plessey Co Ltd. Romsey (England) APPLICATION OF DOPPLER AND TRANSIT LASER
A STUDY OF METHODS OF PHASE NOISE REDUCTION OF ANEMOMETRY IN SMALL TURBOMACHINES
SEMICONDUCTOR LASERS FOR SENSOR APPLICATIONS R L ELDER, C P FOHSTER. and M E AGARD
J P DAKIN and P B WITHERS In AGARD Guided Optical Advanced Instrumentation for Aero End- Is tb p
Structures in the Military Environment 7 p (SEE N87-13273 (SEE N87-21170 14-31) Nov. 1986
04 74) May 1986 (AGARD-CP-399) Avail NTIS HC A24,., re

tAGARC CP 383) Avail NTIS HC At4/MF A01 The selection laser anemometry systems and thea application
Many optical sensors based on fiber interferometry have been to the particularly hostile environment found in small hSig speed

propoi.ed The malority of these use interferometers of the rotafing turbomachines are discussed There are several different
Mach-Zehnder or Michelson type, in which Ih( optical path lengths laser anemometry systems which are used in furbomachinery
of the 'wo arms are often unequal Under these conditions, a studies and when selecting a system to carry oll specific duties it
highly coherent light source is necessary to avoid signal/noise is necessary to have some prior knowledge of the flows to be
degradation due to fluctuations in the phase or frequensy of the measured, the spacial resoluion required anit any limitations on
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optical access. The optical access will often determine the spatial NS&13228# Institut Franco-Allemand de Recherches, Saint-Louis
resolution possible and the quality of the scattered signal will (France) Dept d'Aerodynamique.
generaly determine the type of signal processor which can be AN ULTRA-HIGH-SPEED CINEMATOGRAPHIC METHOD FOR
used. The cnteria used for the selection of systems at Cranfield THE STUDY OF WAKES IN HYPERSONIC BALLISTIC RANGES
are discussed. The arrangements in use include both the Doppler [UNE METHODE CINEMATOGRAPHIQUE ULTRA-RAPIDE POUR
and transit systems each of which are foun o .izve unique and L'ETUDE DES SILLAGES EN TUNNEL DE TIR
very distinct advantages Author HYPERSONIQUEI

AXEL KOENEKE, BERNARD CHARLES JAEGGY. and GERMAIN
N87-21181# Pratt and Whitney Aircraft, East Hartford, CT KOERERF In AGARD. Aerodynamics of Hypersonic Liting
LASER VELOC!METRY STUDY OF STATOR/ROTOR Vehicles 13 p (SEE N88-13219 05-02) Nov. 1987
INTERACTIONS IN A MULTI-STAGF GAS TURBINE In FRENCH
COMPRESSOR (AGARD-CP-428) Avail: NTIS HC A24/MF A01
M. CARLSON WILLIAMS In AGARD Advanced Instrumentation Optical methods are among the only possibilities to study
for Aero Engine Components 10 p (SEE N87-21170 14-31) Nov. hypersonic wakes in ballistic ranges Because of the flow velocities
1986 involved the methods employed must permit exposure time well
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 below one microsecond. The ISL has used ultrahigh speed

The measurement of airflow through multi-stage compressor visualization techniques for the study of the transition of hypersonic
rigs has generally been limited to the use of flow perturbing pressure wakes for quite some time, but the means available up to now
and temperature probes. Although limited studies of the dynamics did not permit investigation of the time-history of the instabilities
of these flows have been obtained with hot wire and hot film in the wake The use of a laser equipped with an acousto-optical
proes, the advent of the laser Doppler velocimeter (LDV) with its modulator is proposed as a source of ultrashort, highly energetic
non-perturbing nature is expected to develop into the preferred pulses with high repetition rate to be used to record a certain
instrumental method To assess the feasibility of utilizing an LDV numtfr of images of the same experiment in order to study the
in these flows an exploratory program was recently undertaken at time history of these instabilities Advantages of the laser as a
Pratt and Whitney A multi-stage compressor rig, the Energy light source are not only the high energies available together with
Efficient Engine high pressure compressor consisting of 6th through pulse duration down to 20 nanoseconds, but mostly the free choice
15th compressor stages, was outfitted with windows between the of repetition rate independently of exposure lime, and the possibility
6th stator-7th rotor, gth stator-10th rotor, and 13th stator-t4th to synchronize the pulses with external events The laset a
rotor The windows, extending circumferentially one stator gap wide. point source and as such can be used in a variety of differ-t
permitted the hub to tip traversing midway between the stator optical setups The coherent nature of the laser light even peimts
trailing edge and the rotor leading edge both in and out of the holographic techniques The reception system capable of reccjizng
stator wakes A confocal two color, two component back scatter the images at a sufficient robc S the basic problem in the
LDV system developed for use in gas turbine environs was development and use of the proposed setup Author
employed to obtain detailed mappings to velocity magnitude and
air angle as a function of rotor position at several spanwise and
gapwise positions downstream of the 6th and 9th compressor
stators Although a complete mapping was not obtained. sufficient N89-12849# Advisory Group for Aerospace Research an
data was acquired behind the 13th stator to identify the flow's Development. Neuilly-Sur-Seine (France)
character there as well The equipment employed in this study LASER APPLICATIONS IN FLOW DIAGNOSTICS
and the difficulties encountered are described. Author J D TROLINGER and J J GINOUX, ed (Von Karman Inst Icr

N87-21201# Office National d*Etudes et de Recnerches Fluid Dynamcs, Rhode-Sat-Genese, Belgium Oct 198e

Aeronautirques, Pans (Franc)- 189 p

THE STUDY OF COMBUSTION BY MEANS OF DIODE LASER (AGARD-AG-296 ISN-2-35-0480-f AD-A203450 Ava
SPECTROSCOPY NTIS HC A09/MF A01
B ROSIER. P GICQUEL. and D HENRY In AGARD Advanced This is an explanation and update of AGARDograph No 186.
InstIumentaon for Aero Engine Components 11 p (SEE Laser Instrumentation for Flow Field Diagnostics. which was
N8721170 14-3ti fo 1ero Eni mponentsgedocpe(SEE published in 1974 A brief introduction to coherent optics and
No 31 Nov. t96 Original language document was lasers is given to provide a review and common language to theannounced as A86-46182

(AGARD-CP-399) Avail NTIS HC A24/MF A01 reader, The material is presented at a level to be ur,-i-orou y
The experimental apparatus and results with a diode laser engineers who are working in the aerospace field and who areheromexerimsentl oappa soatusranderesults sa ode pmlaer interested in the experimental application of lasers in resear-h

spectrometer used to obtain absorption signatures of premixed and development An emphasis is placed on applications in
methane-air burning in a furnace are reported. A tunable laser aerodynamics, and examples were selected from a number o
was used to scan the reaction zone with an acuity of 1900 lines/cm laboratories in the NATO countries visited while the material was
Absorption data collected from the furnace were compared with being prepared. The applications include holography, laser
reference spectra of known gases Pulse frequencies of 50 Hz to velocimetry spectroscopy, and the use of lasers simply as efticient
1 kHz were explored. The data obtained were useful for light sources in conventional measurement methods. Author
characterizing the temperatures and composition of the burning
gases, identifying the presence of cold layers, and quantifying the
mass concentrations of various gases along the flame front.

Author
N89-17606# Raytheon Co, Sudbury, MA Equipment Div

N87-29475# Eltro G.m.b.H., Heidelberg (Germany, F R,) C02 LASER RADAR SYSTEMS FOR TARGET ACOUISITION
EYE SAFE RAMAN LASER RANGE FINDER FOR GROUND AND AND GUIDANCE
AIRBORNE APPLICATION A V JELALIAN. G R OSCHE, D R BATES, and A J LEGERE
J RUGER In AGARD. Advances in Guidance and Control Systems In AGARD. Guidance and Control of Precision Guided Weapons
and Technology 9 p (SEE N87-29474 24-04) Jul 1987 14 p (SEE N89-17605 10-15) Nov. 1988
(AGARD-CP-411) Avail: NTIS HC A07/MF A01 (AGARD-CP-4351 Avail: NTIS HC A05/MF A01

The need for an eye safe laser for military fire control systems, Laser radar systems combine the narrow beam width associated
especiallv in the function as a range finder is described. The with optical systems with target measurement capabilities of
performance achieved with a Raman shifted Neodymium-YAG laser microwave radar systems The combined attributes of these
with a resulting wavelength of 1 54 microns is given in detail and distinctly different technologies lead to a single sensor capable of
compared to that of a 1 064 and 10 6 micron laser range finder measuring range, velocity acceleration and angular location while
under various atmospheric conditions, The use of the Raman range still providing imaging capability The best optical source for
finder in prototype equipment contracted by the German MOD is systems having this capability is the C02 laser operating in the
described showing the advantages of eye safety and superior infrared band at 10 6 microns Atmospheric propagation, coherent
ranging performance as compared to the Neodymium-YAG laser and incoherent detection receivers, and held test data collected
range finder Author over the past two decades are assessed. Author
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N89-17714# Royal Signals and Radar Establishment. Malvern conditions. achievable fatigue life at loads above the endurance
(England). limit, and the influence of contamination are discussed Author
COHERENT SCATTERING FROM RANDOM MEDIA
C. J OLIVER In AGARD, Scattering and Propagation in Random N86-29239# Motoren- und Turbiren-Union Muenchen G.m b H
Media 12 p (SEE N89-17706 10-31) Mar. 1988 (Germany. FR,

AGARD-CP-419) Avail NTIS HC A23/MF A01 AERO-ENGINE GEARS: MANUFACTURING -"ACKS AND
Tne representation and simulation of clutter textures in coherent THEIR EFFECT ON OPERATION

scattering is discussed in tems of a correlated noise model mtial!y J. SPECHT In AGARD Aircraft and Beanng Tribological Systems

expressions for ne vetecied intensity when coherent radiation is 10 p (SEE N86-29238 20-37) Feb. 1986
scmt-d frr.m a surface with fluctuating cross-section are derived (AGARDCP-394) Avail: NTIS HC At1 /MF A01
demonstrating how the effects of surface statistics and correlation The effect of cracks in gear splines is discussed After
properties interact with the imaging function Secondly. a model black-oxidising of case-hardened gears, stress corrosion cracking
for the cross-section fluctuations based on negative-binomial or may occur. This was determined from damage analysis of cracked
gamma-distnbuted statistics is propesed. When coherent radiation gears of flight engines and from sample testing Besides design

is scattered by a surface with these properties the resulting intensity measures to reduce operational stresses, corrective action may

distribution can be shown to be K distributed Having derived be in the form 0t modified manufacturing procedures and improved
theoretical predictions for the correlated noise model with a variety crack inspection. Author
of spectral forms a texture simulation technique is proposed based
on linear filtering which duplicates the two-point correlation N86-29240# Deutsche Forschungs- und Versuchsanstalt tuer

properties of the observed intensity Finally, a comparison of original Luy- und Raumfahrt. Stuttgart (Germany, F.R) Inst. for Technical

image data. simulated textures, and the theoretical model is made Physics

for a number of examples of differing textures of both natural and TRIBOLOGY IN AIRCRAFT SYSTEMS: BASIC PRINCIPLES AND

manmade clutter Author APPLICATIONS
E. JANTZEN and V BUCK In AGARD Aircraft and Beanng
Tribological Systems 13 p (SEE N86-29236 20-37) Feb 1986
(AGARO-CP-394) Avail: NTIS HC At1/MF AO

37 The historical origin of the name tribology is outlined. The trends
for the next two decades are reviewed: reduction of fue

MECHANICAL ENGINEERING consumption, improvement of the ratio of specific output to weight.
reduction of maintenance, and further improvement of safety Then
the consequences from these trends are outlined with respect to

Includes auxiliary systems (nonpowor); machine elements and iesearch in tribology. The current status of research is sketched
processes, and mechanical equipr ent and some unsolved problems are discussed: interaction o

material/lubricant in areas with mixed friction (reaction layers)
interaction of material/ubricant in the hydrodynamic region: friction

N86-29236# Advisory Group lor Aerospace Research and and wear of synthetic bearings with and without lubrication, friction.
Development. Neuilly-Sur Seine (France) Structures and Materials wear and service time it solid lubricants are used: and topographical
Panel features of surfaces. Many government sponsored research to
AIRCRAFT AND BEARING TRIBOLOGICAL SYSTEMS gain the wide spread of basic knowledge necessary for new and
Feb 1986 232 p Meeting held in San Antonio, Tex, 22-26 better solutions Author
Apr 196
fAGARD-CP-394. ISBN-92 835-1509-9 AD-A168241) Avail: N86-29241# Schaefer (Georg) aid Co. Schwenlurt (Germany
NTIS HC A11iMF ADt FRI

Advances in aircraft gear and bearing tribology are discussed DESIGN AND CALCULATION OF HIGH SPEED ENGINE
Foture trends and problems, gear and bearing materals, and BEARINGS
iubrcants ar dscussed For individual titles see N86-29237 H J KOEBER In AGARD Aircraft and Bearing Tribologica
through N86-2925,! Systems 12 p (SEE N86-29236 20-37) Feb 1986

(AGARD-C--3941 Avai NTIS HCA1I/MF A01
N86-29237# Westland Helicopters Ltd, Yeovit (England) New aspects in design and calculation of high speed bail and
THE VALUE OF LABORATORY SIMULATION TESTING FOR roller bearings are discussed in as much as they affect bearing
PREDICTING GEARBOX PERFORMANCE performance in the speed range of DxN 3 0 x 1 millon min 1
P 8 MACPHERSON In AGARD Aircraft and Bearing Tnbological and beyond For roller bearings the guide flange to roller end
Systems ft p (SEE N86-29236 20-37) Feb 1986 configuration as welt as roller excursion within the cage pocket
(AGARD-CP-394) Avail NTIS HC At 1/MF A01 are linked to the phenomena of skewing and skidding The neeu

The evolution of a successful gearbox design involves much for under-race-iubrication in small diameter engine bearings is
development testing which is both time consuming and expensive derived from this and a special solution (integral scoop) is shown
For this reason full advantage should be taken of laboratory along with related pertormac e data The influence of incorporating
,,.!Vion tests for which. o be successful. predictions must. state of the art rolling elements made of silicon nitride on the
obuously be reliable. Some of the more salient aspects of design and calculation of high speed ball and roller bearings is
Smulation testing are set out along with a x vsmples drawn shown taking into account hardnes, density, Young's modulus
from the authors experience Heat treatment desinp rules.fulure and ho Ponsson ratio Increase speeds coupled with addillonal
lest methods, and testing machines are discussed Author design features being incorporated (such as lubrication hules,

grooves, slots) rquire that inner rings of improved fiaclure

N86-29238# Schaefer (Georg) and Co, Schweinfurt (Germ any. toughness be developed with existing materials of known properties
F R) thus supplementing the material development activities already
EFFECTS OF UNFAVORABLE ENVIRONMENTAL CONDITIONS under way Author
ON THE SERVICE LIFE OF JET ENGINE AND HELICOPTER
BEARINGS N86-29243# KHD Luftfahrttechnik G m b.H. Oberursel (Germany.
H K LOROESCH In AGARD Aircraft and Bearing Tribological FR)
Sysl,ms 9 p (SEE N86-2923

r 
20-37) Feb 1986 MULTIFUNCTIONAL REQUIREMENTS FOR A GEARBOX

IAGARD-CP.394) Avail NTI HC At1/MF A01 SECONDARY POWER SYSTEM IN A MODERN FIGHTER
Aircraft bearings normally operate at high speeds and have to AIRCRAFT AND ITS COMPONENTS AND INTERFACE

meet demanding reliability requirements If conventional guidelines REQUIREMENTS
for their design are used, the resultant stresses are low The M PUCHER In AGARD Airc.aft and Bearing Tribological Systems
stresses are particularly low it compared to those customarily 14 p (SEE N86-29236 20-37) Feb 1986
applied in testing rolling fatigue Potential fatigue life, the influence (AGARD.CP-394) Avail: NTIS HC At t/MF A0l
of plastic deform-tion in the racenways, the influence of surface The basic task o' the gearbox in a Secondary Power System
damage and loading, service life under favorable lubricating (SPS) of an aircraft is to provide and distribute mechanical encrgy
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from the Auxiliary Power Unit (APU) or from the Main Engine N86-29254# Blok (Harmen), Rijswik (Netherlands)
(ME) to the accessories. e g. generators. hydraulic pumps and CRITICAL ANALYSIS OF ACHIEVEMENTS AND MISSING LINKS
fuel pumps, The complexity as well as the functional facilities IN GEAR AND BEARING TRIBOLOGY IN RELATION TO POWER
increase by incorperating further functinnl '-irements such as ENVELOPES
main engine start, cross drive operation between redundant H. LOK In AGARD Aircraft and Bearing Tribologicat Systems
systems with the associated control devices, including oil supply 15 p (SEE N8629236 20-37) Feb. 1986
to the accessories into the gearbox or) system The Tomado-SPS (AGARD-CP-394) Avail: NTIS HC At I/MF AOf
is one of the most modern systems flying today The system Power envelopes provide a convenient and informative basis
shows a high reiiability although the aircrr has been in service of comparison for the development of gear transmissions towards
for omy a tee "ears The experience gained with major components hrgher power densites. Each such envelope consists of a sequence
like gearbox housing, gearing. freewheel clutches, dry friction of segments representing power barriers due to a vanety of crihcal
cluthes and components of the oil system is reported Some phenomena Most of these phenomena and barriers are

aspects from this experience are given for the design of gearboxes triboogically affected They may be exemplified by the occurrence

for future secondary power systems. Author of contact between the rubbing surfaces whenever a fulty
separating lubricant film can no longer be maintained and, further.
by pitting and scuffing. For every gear transmission at least two
power envelopes have to be considered in conjunction. i.e.. for

N86-29246# Wesitand Helicopters Ltd.. Yeovil (England). the most vulnerable pair of gears and rolling-element bearing.
Mater;sis Lab respectively The trends of these two envelopes, as well as their
THE ROLE OF RESIDUAL STRESS IN THE PERFORMANCE mutual position, depend on the configuration of the mafor elements
OF GEARS AND BEARINGS in the transmission concerned and on certain tribologic
A V OLVER In AGARD Aircraft and Bearing Tribological Systems characteristics of the solid rubbing materials and the lubricant
16 p (SEE N86-29236 20-3

7
f Feb. 1986 The power envelopes, being tribologicafly affected, prove useful

iAGARD-CP.394) Avail. NTIS HC Alt/MF A01 for developing tibology into tribotechnotogy. so as to enable ifs
Residual stresses are an inevitable consequence of the integration into the design of gear transmissions Once certain

manufacture and service conditions to which mechanical missing links have been filled in, tribology may provide
components are subiected A wide range of evidehce is presented breakthroughs for developing the technology of both gears and
to show the decisive effect of residial stress, both pre-existing bearings to the high tech level required for creatively increasing
and service induced, on the performance of gears and rolling the power densities permissible in gear transmissions Here. the
element bearings The results of measurement of residual stresses concentration is upon those segments of the two power envelopes
arising from a range of manufacturing procedures are presented, that re called contact barriers. Author
particular emphasis being placed on carburized steels. The effect
of such stresses on fatigue performance is demonstrated Possible N86-31064# Advisory Group for Aerospace Research and
.auses of residual stress change during service are reviewed and Development. Neuilly-Sur-Seine France)

the results of new experimental and theoretical work on the role DESIGN OF BOLTED JOINTS IN COMPOSITES
of residual contact stress in a number of relevant tribological failure 1985 27 p Presented at the 60th Meeting of the Structures
modes are presented Author and Maturials Panel of AGARD. San Antonio, Tex. 21-26 Apr

1985
(AGARD-R-72., ISBN92-835-1531-5, AD-At71308) Avail NTIS

N86-29247# Technische Hogeschool, Eindhoven (Netherlands). HC A03/MF A01

Dept of Mechanical Engineering This publication contains three papers hear by the Structures

THE LUBRICATION OF DYNAMICALLY LOADED and Materials Panel Sub-Committee on Mechanically Fastened

CONCENTRATED HARD LINE CONTACTS: TEMPERATURE Joints in Composites. The papers survey the various parameters

AND PRESSURE MEASUREMENTS governing the beh,-viour of bolted joints, and give some

M J W SCHOUTEN. H J VANLEELIWEN, and H A, MEIJER experimental data representative of tehaviour under load It is

In AGARD Aircraft and Bearing Tribological Systems 12 p (SEE concluded that poor static strength, rather than good fatigue

N86-29236 20-37) Feb 1986 strength. is a characteristic of this type of joint a Panel Specialists

tAGARD-CP.394) Avail NTIS HC Aft/MF A0t Meeting is to review the topic Author

Some results of temperature and pressure measurements in N87-17051# Advisory Group for Aerospace Research and

two types of dynamically loaded concentrated contacts are Development. Neudly-Srne (France) Structures and Materals
reported, viz, a cam-flat follower contact and a cylindrical roller - Panel
outer race contact. The measurement technique utilizes miniature AANE
vapour deposited thin layer transducers and a counter current MATERIALS

circuit ard an amplifier These first results are very encouraging Jul fy6 270 p is ENGLISH and FRENCH Meeting held ,n

The transducers worked well. even under very adverse conditions

of pure sliding and dynamic loads Author Oberammergau, West Germany. 11-13 Sep 1985
(AGARD-CP-398: ISBN-92-835-0397-X; AD-At 73979) Avail
NTIS HC At2/MF A0t

The papers contained in this report provide a review of the
N86-29248# Atlantic Industrial Research Inst , Halifax (Nova state-of-the-art of advanced joining techniques currently available
Scotia). to the manufacturers of aerospace equipment and identify newly
WEAR OF HIGH SPEED ROLLER BEARINGS emerging techniques and joining problems Computational weld
T SAVASKAN, E E. LAUFER (Nova Scotia Technical Coil, mechanics, diffusion bonding and superplastic forming,

Halifax f, and D E VEINOT (Defence Research Establishment electron-beam welding, tungsten inert gas welding, inspection
Atlantic. Dartmouth, Nova Scotia) In AGARD Aircraft and Beating methods, and repair techniques are addressed For individua titles

Tribological Systems 12 p (SEE N86-29236 20-37) Feb -086 see N87-17052 through N87-17071
(AGARD CP-394) Avail NTIS HC All /MF A01

A laboratory bearing test rig wat constructed to study wear in N87-17052# Carleton Univ , Ottawa (Ontario). Dept of
three high-speed roller bearings simultaneously under different Mechanical and Aeronautical Engineering
condition, of loading and lubrication A test run of 355 hours COMPUTATIONAL WELD MECHANICS
duration was performed during which wear of the bearings was JOHN GOLDAK, BALVANTRAI PATEL (Engineering Mechanics
monitored using DR terrography The test bearings from the rig Research, Inc., Troy, Mich I, MALCOLM BIBBY, and JAMES
were examined using metallography and microhardness MOORE In AGARD Advanced Joining of Aerospace Metalic
measurements Wear debris particles were collected from oil Materials 32 p (SEE N87-17051 09-37) Jul 1986

samples using ferrographY These were studied using bicnromatic (AGARD-C-7 =_; .va:! NTIS HC AI2/MF A01
microscopy, scanning electron microscopy and energy dispersive An overview of the aims and methods of computational weld
Xray analysis The iesults of ferrography were correlated with the mechanics is presented In particular, relevant literature and recent
metallographic results Author developments in the authors' laboratory are described The
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presentation emphasizes an exposition of the computational N87-17055# Messerschmitt-Boelkow-Blohm G.m.b.H., Augsburg
principles and the application of computational weld mechanics to (Germany, F.R.) Materials and Technologies.
practice. In fact, the primary aim of the work is to transfer this ECONOMICAL MANUFACTURING AND INSPECTION OF THE
technology from the research specialists who are developing it to ELECTRON-BEAM.WELDED TORNADO WING BOX
the engineers who must apply it in the design and production of JUERGEN BERGGREEN In AGARD Advanced Joining of
welded structures. The numerical methods, algorithms. software Aerospace Metallic Materials " p (SEE N87 17051 09-37) Jul.
and computer hardware needed for computing the temperature, 1986
displacement, strain and stress fields associated with the welding (AGARD-CP-398) Avail: NTIS HC A12/MF A01
process are described. While computer methods are widely applied The Tornado wing box is an extensively electron-beam-welded
in the engineering community, thermal strain-stress transients are titanium 6A14V-alloy component. The design and the manufacturing
rarely calculated in welding because of the complexity of the steps are described with emphasis on joining and inspection
problem Finite element analysis (FEA) together with the equations techniques. As EB-welding requires expensive investments and
of continuum mechanics and irreversible thermodynamics forms operations the manufacturing costs have been cut by several
the basis for a successful analysis of welding processes. The means which are shown. The advantages of E6-welding on the
special problems encountered when FEA is used for weld analysis material's side and the experience gained with this technique
are discussed in detail. Particular attention is focussed on transient meanwhile allow the use of EB-welding for major titanium structures
temperature field computations. Modelling heat sources, nonlinear even with thick cross se,.tions as a woll-known and establis.-
thermal properties, the heats of fusion and transformation, and and no longer uneconomic advanced loing method Author
workpiece geometry and boundary conditions are discussed.
Predicting relevant properties (strength, hardness, etc.) of weld
joints from computed temperatures is included. In addition,
thermo-elasto-plastic analysis for calculating residual strain. N87-17056# Aeritalia S p.A.. Turin (Italy). Space System Div
stresses and workpiece deformation is described. Measured THE WELDING OF ALUMINUM ALLOYS: A NEW TECHNOLOGY
thermal and distortion changes are compared to computed values IN SPACE APPLICATION
as a means o veritying the accuracy of the computational methods. P. MARCHESE and G BANING In AGARD Advanced Joining of
Finally. the computing environment (hardware and software) for Aerospace Metallic Materials 1t p (SEE N87-17051 09-37) Jul
computational weld mechanics is discussed at some length. 1986

Author (AGARD-CP-398) Avail: NTIS HC A12/MF A01

The optimization of the structural weight of the Spacelab

N87-17053# Societe Nationale d'Etude et de Construction de structure, the first European manned laboratory designed according

Moteurs dAviation. Paris (France) Lab Assemblage to shuttle requirements, led to the choice of 2219-Te51 aluminum

Metallurgique. alloy, T.IG. welded with the process completely developed and

STUDY O
r 

THE ELECTRON BEAM WELDABILITY OF qualified from Aeritalia as briefly described is this paper To
SUPERALLOYS THROUGH THE ANALYSIS OF MELT ZONE demonstrate the high quality and reliability of the welded primary
MORPHOLOGY structure, new inspection techniques, many different tests on the

F. PIERQUIN and J. LESGOURGES In AGARD Advanced Joining welded joint, and expensive fracture mechanics analysis were

of Aerospace Metallic Materials 22 p (SEE N87-t7051 09-37) applied. The main assumptions and results are presented The
Jul. 1986 in FRENCH; ENGLISH summary main efforts were concentrated on the reduction of number and
(AGARD-CP-398) Avail: NTIS HC A12/MF A01 size of welding defects, improving, on the one side. the welding

Characterized by high specific energy, the electron beam allows technique and on the otherside, inspecting single defects after
a high welding velocity The melted zones and heat affected zones fracture mechanics analysis based on sophisticated measurement
are narr. m and the thermal cycles involved are short, and therefore, of their dimensions, on the schematization of embedded flaw in
the weld (onts are srritted to high stresses. Thus, welding of tension and bending, and on carefull measurement of material
high strength superalloys raises hot cracking problems, due to properties, Possible improvements of TIG. application for future
their low ductility. The configurvi.n of the melted pond is logically space programs (space station) or its substitution with plasma
recognized as an important factor in the generation of defects welding processes are also mentioned Author
and on their type vertical cracks, horizontal cracks, axial cracks,
spike cracks. etc. To extend the applications of the process, a
technique was developed to investigate the melted pond
morphology and establish a correlation with the type of defects N87-17057# British Aerospace Aircraft Group. Bristol (England)
observed. The process, based on the pollution of the melted pond Civil Aircraft Div

at a guven time during welding, reveals, through micrographic DIFFUSION BONDING IN THE MANUFACTURE OF AIRCRAFT
examination, the solidification front configuration Author STRUCTURE

D STEPHEN and S J SWADLING In AiARD Advanced Joining

N87-17054# Welding Inst., t..ambridge (England) Solid Phase of Aerospace Metallic Matehals 17 p (SEE N87-17051 09-37)
Welding Group Jul. 196
THE APPLICATION OF DIFFUSION BONDING AND LASER (AGAPfD-CP-398) Avail NTIS HC A12/MF A0t
WELDING IN THE FABRICATION OF AEROSPACE Over the last twenty years, considerable aerospace research
STRUCTURES and development effort has been directed to the development of
S B DUNKERTON and C J. DAWES In AGARD Advanced the diffusion bonding (DB) process as a means of manufacture of
Joining of Aerospace Metallic Maierials 12 p (SEE N87-17051 low cost structures. To date the main thrust of these developments
09-37) Jul 1986 have been associated with titanium which has inherent metallurgical
)AGARD-CP-398) Avail: NTIS HC A12/MF A01 charactenstics which make this material ideally suited for joining

A review is given of work undertaken in both diffusion bonding by this technique For these titanium alloys which exhibit

and laser welding which is relevant to the aerospace industry superplastic properties, the combined processes of superplastic
The wide use of superplastic forming/diffusion bonding of titanium 4orming (SPF) and DB considerably extend the range of low -ost
alloys is mentioned with reference to particular applications This and structurally efficient titanium aerospace components which can
is extended to include the newly developed superplastic aluminum be manufactured. even as replacements for conventionally
alloys and data are presented on the diffusion bonding of fabricated aluminum alloy components Recent developments in
conveiitional aluminum materials The laser welding of aluminum, the SPF of high strength aluminums and metal matrix composites
steel, nickel alloys and titanium alloys is covered with detail given has stimulated work in the field of DB of aluminum. It is thotght
on mechanical properties such as teisle and fatigue The weld that in the longer term ths field of 0B could have the highest
qitality is shown to be tolerant to changes in process parameters levels of application. This paper details the range of aerospace
by means of weldability lobes while dimensional tolerances such structural forers which can and are currently being manufactured
as beam/joint alignment and component fit-up can be critical using the diffusion bonding process. The process options, bond
Finally. the development of laser beam spinning is mentioned with integrity, and nondestructive lest (NDTI aspects are discussed
data on the increased tolerance to joint mismatch Author Author
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N87-17058# Royal Aircraft Establishment. Farnborough (England) analysed by a microcomputer Because no single sensor is
Materials and Structures Dept universal. the combination of active and passive systems on the
DIFFUSION BONDING OF AL-ALLOYS IN THE SOLID STATE same robot arm allows the arc welding robot to perform complex
P G PARTRIDGE. J HARVEY, and D. V DUNFORD In AGARD tasks. Furthermore, the use of an off-line programming system
Advanced Joining of Aerospace Metalfic Materials 23 p (SEE greatty simplifies the programming task of an arc welding robotic
N87-17051 09-37) Jul 1986 worfcel equipped with vision sensors Author
(AGARD-CP-398) Avail: NTIS HC At2/MF A01

Solid state diffusion bonds have been produced between clad N87-17067# Hughes Helicopters, Culver City CA Materials,
AI-alloy sheets in alloys 7010, 2024 SUPRAL 220 and LITAL A. Processes and Standards Dept.

The sheet surface was first ion plated with a 1 micron layer of INERTIA WELDING 
0

" NITRALLOY N AND 18 NICKEL
silver before bonding at 280 C or 450 C under 130 MPa or 7 MARAGIING 250 GRADE STEELS FOR UTILIZATION IN THE
MPa pressure Lap shear strengths were in the range 140 MPa to MAIN ROTOR DRIVE SHAFT FOR THE AR-64 MILITARY
180 MPa and peel strengths were more than 40 N/mm. The HELICOPTER PROGRAM

effects of test piece disign, surface finish, clad layer thickness A G. HIRKO and L L SOFFA /n AGARD Advanced Joining of

and of oxide films on diffusion bond strength- are described The Aerospace Metallic Materials 9 p (SEE N87-17051 09.37) Jul

results suggest that a combination of thin silver coating and a 1986

clad layer should enable any Al-alloy to be diffusion bonded (AGARD-CP.398) Avail: NTIS HC At2/MF A01
Author Preproduction feasibility studies were performed on laboratory

type inertia welded specimens of Nitraltoy N and 18 Nickel Maragieg

N87-17059t. Technische Uni. Munich (Germany, F R ) 250 Grade Steel prior to a full-scale engineering development

BONDING OF SUPERALLOYS BY DIFFUSION WELDING AND program The full-scale program consisted of producing scaled

DIFFUSION BRAZING down drive shaft components to produce engineering test parts
P ADAM and L STEINHALER In AGARD Advanced Joining and to develop process con(roi paamnlaeers lot guide lein i the

of Aerospace Metalic Materials 6 p (SEE N87-17051 09-37) Jul. production program Initial studies consisted of a metallurgical
1986 development program to arrive at a satisfactory post aging cycle

(AGARD-CP-398) Avail NTIS HC A12/MF A01 for the composite or dual alloy drive shaft. In addition, metallurgical

Several developments of diffusion welded and diffusion bonded and static and dynamic tests were made from coupons excised

superalloy turbine engine pads, blades, vanes, and bliscs. are from inertia-welded assemblies to establish structural behas-r

summarized the description of results comprises nondestructive Several sub-scale inertia-welded test specimens were tested in

testing of parts and mechanical testing of material samples Results torsion loading to A,,'i
0  

fligt strultural oerfoilmance Torsn-

are mainly presented cs conclusions on the expense of detailed tests showed the inertia weld exhibited strength characteristics

test rosults which would require individual parts/material problem equal or better than the parent metal :or the Nitrafioy N 2ios

presentations Autho component The improved two-alloy, inertawelded components
show an approximate weight saving of 10 to 15 pounds over a

N87-17060# Societe Nationale Industrielle Aerospatiale Suresnes drive shaft produced from Nitralloy N This is due to a highe

(France) Dept Production-Recherches strength/weight ratio of 18 Nickel Maraging 250 Grade Steel as
APPLICATION OF DIFFUSION BONDING COMBINED WITH compared to Nitralloy N f, G
SUPERPLASTIC FORMING (SPFIDB) TO THE FABRICATION
OF TAGV METAL SHEET STRUCTURES (APPLICATION DU N87-17068# Swiss Aluminum id. Neuhausen am Rheinfall

SOUDAGE PAR DIFFUSION ASSOCIE AU FORMAGE Materials 
T
echnology Dept

SUPERPLASTIDUE (SPF/DB) A LA REALISATION DE WELDING OF ALUMINI'M CASTINGS

STRUCTURES EN TOLES MINCES DE TA6VI J LEUPP, A MAITLAND and K SCHELLENBERG In AGARD

M gOlRE and P JOLYS hr AGARD Advanced Jontog 01 Advanced Joining of Aerospace Melh1lc Materials 8 p (SEE

Aerospace Metallic Materials 14 p (SEE N8717051 09-37) Jul N87-17051 09-37) Jul 1986
1986 -n FRENCH (AGARD-CP-398) Avail NTIS HC A12iMF A01

AGARD CP 398) Aveail NTIS HC At2/MF A0t Developments in the field of electronics have recently made
The potential applications of combined supeplastic forming and available new methods and power sources shich enable even

diffusion bonding iSPFDB) technolo, to the fabrication of TAV the most difficult aluminum casting alloys to be welded
titanium alloy structures are discussed The conditions for toe economically Each method has specific applicaiions where it is
appication of this technology are summarized as well as the optimally employed The best results in fabication welding are
impacts of certain material properties Examples of structural obtained with the TIG-PLesSMA.KEYHOLE process With this

fabrication processes are presented and an economical technique method the normal classification of casting alloys nto those whice
rs suggested Finally the main problems which need to be resolved weld easily and those wtuch weld badly no longer applies Excellent

for a fullydeveloped industrial process are examined M G welds can be obtained for eample with the high strength AICi,
alloys The flawless, fine grained weld bead I-ovides mechanical

N87-17066# National Research Council of Canada. Bouchcrville properties equivalent to those of the parent metal - both i-der
(Quebec) static and fatigue loading conditions The best results in finsh

A REAL TIME VISION SYSTEM FOR ROBOTIC ARC WELDING and repair welding have been obtained -sing TIC welding with
M DUFOUR. P CIELO, and F NADEAU In AGARD Advanced variable p.)larity If due care is taken this method also enables
Joining of Aerospace Metallic Materials 14 p (SEE N87-17051 excellent results to be achieved under all types of loading

09-37) Jul 1986 conditions. Examples where the descrbed methods are
)AGARD-CP.398) Avail NTIS HC At2/MF A0i successfully employed include not only aircraft constructions but

Fast real-kime vision systems for robotic arc weld-nq have been also parts for railway vehicles and electrical switch-gear Author

developed and successfully implemented for seam tra,-kng and
adaptrve welding lunctions imass and heat balance). Typicil seam N87-17069# Societe Nationale d'Etude el de Construction de
tracking crrors of 0 3 mm were achieved for single pass type Moleurs d'Aviaton, Paris (France) Lab Assemblages

joints (lap butt, fillet). In one system the weld preparation profile Metallurgiques
is first enhanced by a projected laser target formed by a line and THE APPLICATION OF THE RBD PROCESS TO THE

dots A standard TV camera is used to observe the target image DEPOSITION OF ANTI-WEAR ALLOYS
at an anle The rapid preprocessor developed by NRCC and J LESGOURGUE. /n AGARD Advanced Joining of Aerospace
Leigh Instruments Inc as part of the vsual aid system of the Metallic Materials 11 p (SEE N87-17051 09-37) Jul 1986
space shuttle arm is then used to analyse the video signal in real (AGARD-CP-398) Aval NTIS HC A12/MF A01
time Another active vision system was developed in order to initially, the rechargement-brasageiffusion REDl was
process more complex types of oits It is based on laser flying developed ny SNECMA to solve problems occurring during

spot scanning with a mechanically synchronized scanning system assembly and repair of cast superalloy turbine parts Beyond the
for protection and range finding With a passive system the weld metallurgical possibilities it offers, this process has proved to be
preparation temperature is iapped in front of the arc using a economical Suhsqinnt developments in this held have shown it
fiber optic bundle The temperature profile of the joint is then was possible to apply alloys with specific characteristics. e q
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antiwear properties. This paper presents various applications of N87-21195# Office National d'Etudes et de Recherches
The RBD process, mainly in the field of wear protection Author Aeronautiques, Paris (France).

THE UTILIZATION OF THIN FILM SENSORS FOR
MEASUREMENTS IN TURBOMACHINERY [UTILISATION DES
CAPTEURS PELLICULAIRES POUR LA MESURE SUR
TURROMACHINES]
A. BRUERE, M. PORTAT, J. C. GODEFROY. and F HELLAS In

N87-17071# Liburdi Engineering Ltd.. Burlington (Ontario). AGARD Advanced Instrumentation for Aero Engine Components

REPAIR TECHNIQUES FOR GAS TURBINE COMPONENTS 9 p (SEE N87-21170 14-31) Nov. 1986 In FRENCH Original

J. LIBURDI and P. LOWDEN In AGARD Advanced Joining of language document was announced as A86-46180

Aerospace Metallic Materials 12 p (SEE N87-17051 09-37) Jul. (AGARD-CP.399) Avail: NTIS HC A24iMF A01

1986 Sensor features and data analysis principles for thin films used

(AGARD-CP-398) Avail: NTIS HC A12/MF A01 as pressure and temperature transducers for flowlield

Areas in which the state of the art in gas turbine repair measurements in turbomachinery are described. The devices were

technology needs to be advanced are discussed. A large part of developed to collect data without affecting the flowfield around

the discussion deals with current inadequacies of weld repair fixed and rotating turbine blades. The concept has been extended

techniques for high strength superalloys and with possible areas to thermal fluameters for measuring convection of the

for improvement. In particular, the problems of poor weldability thermoelectric effect and to measuring the aerodynamics of

and the low strength of conventional weld repairs are examined, boundary layer flows by exploiting temperature-induced changes

with emphasis on areas for further development including; welding in the resistivity of certain metals. The films have a maximum

with matching filler metals, pre-weld heat treatment and preparation, thickness of 80 microns, can be integrated into the walls of the

modification of welding techniques and post-weld hot isostatic area under investigation by vapor phase deposition, and require

pressing (HIPing) and heat treatment. Another area of discussion adhesiv, layers of only 2 to 4 microns Numerical models are

is the need for improved techniques for resurfacing and repair of furnished for solid and gaseous dielectric sensor films for pressure

airfoil damage. Two techniques appear to be promising for this measurements and for relating data from a thermal fluxmeter to

application diffusion brazing and vacuum plasma spraying. The temperature fields of flow. Author

importance of NOT limitations and mechanical analysis with regard
to the development and implementation of novel repair techniques
is emphasized. Disregard of these factors can lead to repairs
which are substantially cosmetic in nature. Author N87-21196# Oxford Univ. (England). Dept. of Engineering

Science.
INTERFEROMETRIC MEASUREMENT OF STRAINS AND
DISPLACEMENTS IN ENGINE COMPONENTS
C. RUIZ, P. H. WEBB. and D. POST tVirgima Polytechnic Inst.
and State Univ., Blacksburg) 0n AGARD Advanced Instrumentation

N87-21190# Cranfield Inst of Tech. Bedford (England). Signal for Aero Engine Components 13 p (SEE N87-21170 14-31) Nov.

Processing and Applications Group. 1986

ACQUISITION AND ANALYSIS OF DYNAMIC ROTATING (AGARD-CP-399) Avail: NTIS HC A24/MF A01

MACHINERY DATA The strains and displacements in engine components, and in

R. WALLACE In AGARD Advanced Instrumentation for Aero particular in interlocking joints, have been measured by means of

Engine Components 11 p (SEE N87-21170 14-31) Nov. 1986 two interferometric methods: (1) high sensitivity Moire

IAGARD.CP-399) Avail: NTIS HC A24/MF A01 interferometry, using gratings with 1200 lines/mm; a d (2) a coarser

During the development and design of new engines, vast grating of 40 lincs/mm. The two methods are described and the

.uantities of vibration data are acquired. An efficient analysis results compared to the predictions of a finite element program

system designed to analyze dynamic rotating machinery data for a typical dovetail joint. Th- application of the technique to the

(accels. decels. etc.) is described. The system is built round a assessment of fretting damage and to the liting dovetail joints is

general purpose multi-tasking computer which not only analyses discussed. Author

the data directly from pre-recorded tapes or rigs but allows
engineers to post-analyze data at the same time. Examples of
different types of presentation are given wl ch enable easy
interpretation of measured data. General acquisition rates and N7-21191# Rolls-Royce Ltd.. Bristol (England). Advanced
methods are also discussed Author Projects Dept.

THE APPLICATION OF RADIATION PHYSICS AND
PHOTOGRAMMETRIC TECHNIQUES FOR THE DIAGNOSIS AND

SOLUTION OF MECHANICAL ENGINEERING PROBLEMS AND
PERFORMANCE IMPROVEMENTS IN THE DEVELOPMENT OF
AERO GAS TURBINE ENGINES AT ROLLS ROYCE

N87-21191# Societe Nationale d'Elude et xe Construction de P A E, STEWART In AGARD Advanced Instrumentation for
Moteurs d'Avualion, Moissy-Cramayel (France). Aero Engine Components 19 p (SEE N87-21170 14-31) Nov.
ACQUISITION AND PROCESSING OF NON-STATIONARY 1986
PRESSURE MEASURMENTS IN STUDIES OF AIR INTAKE (AGARD-CP-399) Avail: NTIS HC A24/MF A01
DISTORTION (ACOUISITION ET TRAITEMENT DES MESURES Research into the applications of penetriting radiations or
DE PRESSIONS NON STATIONNAIRES DANS LE CADRE DES particles for the non-invasive imaging and measurement of events
ETUDES DE DISTORSION DENTREES DAIRI within aero gas turbines on dynamic test at Rolls Royce is
J L EYRAUD. F AUZOLLE, and M WAGNER (Office National discussed. Hiinh Energy (8 MeV) X-rays are used to determine

d'Eludes el de Recherches Aerospatiales, Paris. France) In metal component movemeruts for engine performance
AGARD Advanced Instrumentation for Aero Engine Components improvements and integrity configuration. Low energy X-rays with
7 p (SEE N87.21170 14-31) Nov. 1986 In FRENCH high speed cme fluoroscopy have been used to analyze molten
(AGAPD-CP-399) Avail NTIS HC A24/MF A01 metal flows in the turbine blade casting process. Cold neutrons

Investigations of compatibility between an aircraft air intake and low energy X-rays have been used to analyze two phase

and the engine constitute an essential stage in the improvement flows and oil distribution in the Gem engine oil scavenge system
of new concepts This work is based on an experimental activity Positron emitting isotope techniques are being developed to
which, for full exploitation of the conditions, requires that the most determine fuel and lubricat,or system dynamics. The images
complete data acquisition and processing techniques be employed, captured by these systems are then processed by digital techniques
The methods described illustrate the full range of presently and pattern recognition and crosscorrelation is earned out.

operational analog and digital systems. Particular emphasis is given Measurements are made from the film and video images using
to the 'iportance of continuous real time analysis. Author two and three dimensional photogrammetnc methods. Author
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N87-21199# Motoren- und Turbinen-Union Muenchen G.m.b.H. signals were analyzed in both the time and frequency domains.
(Germany, F R) Author
TIP CLEARANCE MEASUREMENT IN MODERN COMPRESSOR
COMPONENTS N87-17062# Army Construction Engineering Resaarch Lab.
HARTWIG KNOELL and KURT DING In AGARD Advanced Champaign. IL.
Instrumentation for Aero Engine Components 70 p (SEE WELD QUALITY MONITOR AND CONTROL SYSTEM
N87-21170 14.31) Nov. 1986 F. KEARNEY. DAWN WHITE, and WILLIAM RICCI (Army Materials
iAGARD-CP-399) Avail: NTIS HC A24/MF A01 and Mechanics Research Center. Watertown, Mass,) In AGARD

With regard to maximum efficiency of gas turbine compressors. Advanced Jo;n;ng of Aerospace Metallic Materals 8 p (SEE
small blade tip clearances during all engine o,erating conditions N87-17051 09-37) Jul. 186
should be achieved. In order to determine the tip clearance during (AGARD-CP-398) Avail, NTIS HC A12/MF A01
compressor tests, a reliable measuring technique has been A non-contact weld quality monitor (WOM system is being
developed. Using this tempetatvte-insenilve capacitive probe developed to detect, identify. and correct for deviations from
system (Coulomb system), tip clearance can be monitored even established welding procedures and conditions which lead to weld
during fast transient conditions The sensors of the multichannel defects in real time The WOM continually measures w:th
equipment can operate up to high temperature without cooling conventional transducers all primary process parameters such as
Application to compressor testing is described in two examples; a current, voltage, and travel speed, and computes weld quality
high-speed centrifugal compressor rig and the intermediate- parameters such as heat. input and weld bead geometry In addition,
pressure compressor of a jet engine Author the WOM monitors the spectral signature of the welding arc by

means of a high resolution microprocessor controlled spectrograph
N$7-29646# Royal Aircrat Establishment, Farnborough (England). Here, the presence of weld pool and arc atmosphere contaminants.
Materials and Structures Dept. flux an shielo gas effectiveness, arc energy input. and
DIFFUSION BONDING OF METALS penetration/dilution into the base material can be determined The
P G. PARTRIDGE in Advisory Group for Aerospace Research spectral response from the welding arc and measurements of
and Superplasticit, 23 p (SEE N87-29641 24-26) Aug 1987 process parameters are then normalized. compared to preset
(AGARD-LS-154) Avail NT;S IC A1O/MF A01 operating limits, and processed in real time Necessary adjustments

The need to reduce the cost and weight of aerospace metallic to primary process parameters are made by automated
structures has led to an increased interest in solid state and liquid compensation devices to eliminate weld defects in real time Wher
phase diffusion bonding processes, especially in coerhination with necessary, the specific location Of dlscontinurtes are provided to
superplastic torming The bonding mechanisms and boidnq facilitate further inspection Author
techniques are reviewed and the process variables that affect
bond quality and strength are described with reference to bonds N87-17063# Rolls-Royce Ltd , Derby (England
between Ti-alloys, Al-alloys and dissimilar metals. The importance NOT OF ELECTRON BEAM WELDED JOINTS (MICRO-FOCUS
of quality control and the limitations of current nondestructive AND REAL TIME X-RAY)
evaluation techniques for diffusion bonding are emphasized Finally, R. G TAYLOR in AGARD Advanced Joining of Anrospace Metali,
some trends and priorities in diffusion bonding technology are Materials 4 p (SEE N87.17051 09-37) Jul 1986
indicated Author (AGARD-CP-398) Avail NTIS HC At2/MF AOt

The introduction ot election beam welding (EBW) into the aero
N89-17686# National Aeronautical Establishment. Ottawa engine industry in the early 1960s has presented many new
(Ontario) Structures and Materials Lab problems for non-destructive testing (NOT) Highlighted among
LITERATURE REVIEW ON THE DESIGN OF MECHANICALLY these are the following particular problems (I i accessibilty the
FASTENED COMPOSITE JOINTS use of EBW has resulted in the design of many box Ife components
C POON In AGARD, Behaviour and Analysis of Mechanically which makes it difficult. or impoesible, to apply conventional NOT
Fastened Joints in Composite Structures 28 p (SEE N89-17B5 methods satisactorly. (2) center-ine defect orientation and (3)
10-31) Mar 1988 Previously announced as N87-12872 extremely narrow welds which makes the detection of defects by
(AGARD-CP-27) Avail NTIS HC A14/MF A01 normal radiography very unreliable The traditona NOT ,thods

This report presents a literature review of the state-of-the-art such as conventional Xiray. flrorescent penetrant, magnetic
analytical and enperimental methodologies adopted in the particle. together with the occasional use of eddy current ald
aerospace industry for the design of mechanically fastened joints where accessibility permits, ultrasonics, have beer extensively used
in composite structures Results and conclusions obtained from for the inspection of EBW fabrications However. the use of these
the published literature relating to the effects of critical parameters, methods has created considerable imitalions in defect detection
which include composite material systen, fastener configuration where extremely small detects funder lmm) niust be detected to
and joint geometry, on the mechanical behavior and failure modes quarantee a successful life cycle Initially. these limitations only
of composite mechanically fastened ointi, are discussed Further applied to parts manufactured by EBW. but during recent years.
research required to improve the design of composite mechanically E6W has been increasingly used during the repair and overhaul
fastened oits is identrfied as a result of this review Author of aero engine engine components and the NOT limitations now

extend 'to these areas Recently, significant developments have
taken place which has enabled micro focus X-ray tech.ques to

38 be used in place -f convenlional X-ray on EBW and lt,,rs has
tesulted in a considerable improvement in defect detection
capabiities. An additional bonus has been the reduction in

QUALITY ASSURANCE AND RELIABILITY inspection costs and an improvement in produrewity Author

Includes product sampling procedures and techniques and quality N87-17064# National Research Co-icil of Canada, Boucherville
control iuebec)

THERMOELASTIC TESTING OF STRATIFIED MATERIALS
PAOLO CIELO and MARC OUFOUR In AGARD Advanced Joining

N87-17061# Messerschmitt-fceikow-fffohmG mb H. Lemwerder of Aerospace Metallic Materials 15 p fSEE N87-17051 09.371
(Germany, FR I Jul 1986
ULTRASONIC TESTING TECHNIQUES FOR (AGARD-CP.3q8) Avail* NTIS HC At2/MF A01
DIFFUSION-BONDED TITANIUM COMPONENTS A non-contact thermoelasic technique for the non-destructive
GUSTAV TOBER and STEFAN ELZE In AGARD Advanced Joming testing of layered materials such as aluminum-epoxy laminates or
of Aerospace Metallic Materials 10 p (SEE N87 1/051 09-37) metallurgical coatings is described A pulsed laser beam heats a
Jul 1986 small area on the surface or the layer to be tested. and the
IAIARD-CP.398) Avail JTiS iHC A i2'MF A01 thermoelasic deformation of the layer is monitored by a sensitive

Di'u-obonnfed itanum specimens with bonding defects were optical probe Unbonded areas can be recognized from the
tested by ultrasonic techniques In order to impr,ve the detect abnormally high deformation o the unbonded layer Localized
detectabily, hgh-frequency ultrasound was applied, the echo pulsed heating is shown to be far superior than the extended
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heaing approach which is followed in holographic thermal stressing factors to account for the unseen presence of defects. As more
The possibility to detect cohesive and adhesive defects by this efficient use of available materials has been sought, these factors
technique is discussed. Two experimental configurabons are have been reduced but at the price of greater perfection in the
described: in the first configuraton the probing beam directly materials. This has led to increasing demands upon the ability of
monitors the thermoelastic displacement of the heated area, while the designer to assess the behavior of discontinuities and set the
in the second a Ihermoelastically-generated annular stress wave defect standards, and for the inspection engineer to establish
converges towards the central probed point. Author techniques that will find smaller and smaller defects in more and

more difficult situations on ever increasing degree of certainty

The way these changing design requirements have impacted upon
the problem presented to the inspection engineer is discussed

NE7-17070# National Aerospace Lab.. Amsterdam Author
(Netherlands).
EVALUATION OF DDH AND WELD REPAIRED FIO0 TURBINE
VANES UNDER SIMULATED SERVICE CONDITIONS
A. J A MOM, N. M. MADHAVA (Chromnalloy Div-Oklahoma,
Midwest City), G. A. KOOL, and M. DEAN (Turbine Support Europa, N85-1755# University Coll., London (England) Dept of
Tioburg, Netherlands) In AGARD Advanced Joining of Aerospace Mechanical Engineering.
Metallic Materials 9 p (SEE N87-17051 09-37) Jul. 1986 REVIEW OF EXISTING NDT TECHNOLOGIES AND THEIR
Previously announced as N86-32762 CAPABILITIES
(AGARD-CP-398) Avail: NTIS HCA12/MFA01 LEONARD J. BOND In AGARD, AGARD/SMP Review: Damage

Cost and delivery times of high technology turbine components Tolerance for Engine Structures. 1: Non-Destructive Evaluation 15
are a strong impetus for the development of advanced repair p (SEE N89-17253 09-38) Nov. 1988
processes with the ability of complete restoration of unserviceable (AGARD-R-768) Avail: NTIS HC A06/MF A01
components. One of such advanced processes, diffusion A review of selected nondestructive test (NDTl technologies is
densilication healing (DDH), was applied for repair of cracked and presented with regard to their reliability and capability to detect
unserviceable F 100 turbine vanes. The DOH process was evaluated and characterize defects in critical aero-engine components such
under simulated service test conditions with respect to the as discs and blisks (integrally bladed discs), both in production
conventional weld/patch coat repair procedure. The evaluation and after service. The performance of non-destructive testing is
shows that the DDH process is a remarkably effective restoration considered both at the time of manufacture and after service for
process, resulting in strongly improved test behavior in relation to parts fabricated from powder metals including AP1 and with
the original weld/patch coat procedure. Additional advantages are particular consideration given to the needs of the European Fighter
that scrap rates dunng repair are likely to be considerably reduced Aircraft (EFA). Various NDT technologies have been considered
and that for the future some relaxation of current repair limits with the aim of establishing the current capability of each
might even be considered. Author technology in terms of defect detect-on capability and probability

of detection rates. The cause of the limits on performance are
reviewed and areas where development can be exoected in these

N89-17253# Advisory Group for Aerospace Research and and other NDT technologies within the next 5 to 10 years have
Development, Neuilly-Sur-Seine (France). Structures and Materials been identified. Author
Panel

AGARD/SMP REVIEW: DAMAGE TOLERANCE FOR ENGINE
STRUCTURES. 1: NON-DESTRUCTIVE EVALUATION
Nov. 1988 125 p In ENGLISH and FRENCH Meeting held in
Luxembourg, 1-6 May 1988
(AGARD-R-768; ISBN-92-835-0484-4; AD-A213451) Avail: NTIS N89-17256# Pratt and Whitney Aircraft, West Palm Beach FL

HC A06/MF A01 Dept of Materials Engineering.

The AGARD Structures and Materials Panel is coordinating a RELATIONSHIPS OF NONDESTRUCTIVE EVALUATION NEEDS
series of workshops within the framework of a review of damage AND COMPONENT DESIGN

tolerance for engine structures. The review aims to address the JOHN A. HARRIS. JR. and M. C VANWANDERHAM In AGARD

areas critical to the acceptance of an approach based on damage AGARD/SMP Revie..: Damage Tolerance for Engine Struc:ures

tolerar.c concepts as an alternative lifing philosophy to that of 1: Non-Destructive Evaluation 8 p (SEE N89- 17253 09-3e' Nov

safe-life for the design of engine components. Engmeennq 1988

assumptions, component design, life prediction of turbine disk AGARD-R-768) Avail: NTIS HC A06MF A01

and the need for common AGARD approaches to nondestructive Several well publcized engine and airframe failures which

evaluation are among the topics covered. For individual titles, see occurred in the late 1960 to mid 1970's time frame resulted in
N89-172SI thiough N89-17261. emphasis on development, application and quantification of

nondestructive evaluation (NDE) as opposed to reliance on a Zero
Defects design philosophy As the use of fracture mechanics as a

basis for damage tolerance and retirement analysis of components
N89-17254# Rolls-Royce Ltd., Derby (England) Dept of Materials became established, additional emphasis was placed on s,reened
and Mechanical Technology. flaw sizes, NDE and quantification of reliability In the late 1970's
THE IMPACT OF ENGINEERING ASSUMPTIONS ON NDE a structural assessment was conducted on the design of the F100
REQUIREMENTS engine which resulted in a series of relatively sophisticated safety
R H JEAL In AGARD. AGARD/SMP Review Damage Tolerance inspections for selected critical components. The Retirement for
for Engine Structures 1: Non-Destructive Evaluation 6 p (SEE Cause philosophy also coupled NDE and component lifing analyses
N89-17253 09-38) Nov 1988 to enable return to service decisions for engine components These
(AGARD-R-768) Avail: NTIS HC A06/MF A01 activities were (and are) performed usually after the component

Geometrical aspects - including surface finish - have the designs have been finalized The establishment of Engine Structural
advantage that they can be directly measured on the individual Integrity Programs (ENSIP) for new U.S military engine systems
parts for cnmparison with those ongnallv set The desqner can has now made NDE considerations an integral part of the design
calculate the size of acceptable deviations from the norm and process Classification of components, fracture mechanics
production is accepted or rejected on the basis of these tolerances analyses, critical flaw sizes, material quality, NDE and quantification
Material condition is a more difficult concept to deal with It covers of inspection reliability are now incorporated in the initial design
a wito range of phenomena ranging from cracks, scratches and process and directly influence the resultant component designs
porosity to the details of material microstructure which represent Statisrical., based probabilistic approaches are supplementing the
a deviation from the designers' assumption of a material as a deterministic methods previously used. The relationships of NDE
continuous, isotropic, homogeneous media free from defects These needs and component design in light of the evolution of the ENSIP
deviations are hr.th difficult to find and their effect cn performance approach for gas tur: me engine component designs are
is difficult to assess. Designers in the past used to assume safety discussed Author
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N89-17257# Natonal Research Council of Canada Ottawa N89-17260# Rolls-Royce Ltd. Derby (England) Dept of
lOntano) Structures and Materials Lab Non-Destructive Testing Applications
IMPORTANCE OF SENSITIVITY AND RELIABILITY OF NDI NEED FOR COMMON AGARD APPROACH AND ACTIONS
TECr"NIQUES ON DAMAGE TOLERANCE BASED LIFE R G TAYLOR In AGARD, AGAD/SMP Review, Damage
PREDICTION OF TURBINE DISCS Tolerance for Engine Structures 1 Non-Destructive Evaluation 3
A K KOUL A FAHR. G GOULD, and N BELLINGER (Carleton p (SEE N89-17253 09-38) Nov 1988
Univ . Ottawa. Ontario I In AGARD. AGARD/SMP Review: (AGARD-R-768) Avail NTIS HC A06/MF A0t
Damage Tolerance for Engine Structures 1 Non-Destructive While there is no direct evidence that the different approaches
Evaluation 22 p (SEE N89-17253 09-38f Nov 1988 used in nondestructive tests (NDT) have affected airnorthiness.
(AGARD-R-768) Avail NTIS HC A06/MF A01 there are many pressures. both technical and commercial, for

The results of a demonstration program cared out to determine requiring a common approach within the community in the future
the influence of the sensitivity and reliabilty of nondestructie The technical pressures arise from a need to achieve the same
inspection (NDI) techniques on the damage tolerance based life technical standard of product. irrespective of the place of
assessment of aero engine turbine discs are discussed The manufacture. in order to meet the stsngent damage tolerance
program was :arrred out on the 5th stage compressor discs of requirements now being placed on NDE, while the commecral
the J85-CAN40 engine, made from the AM-355 stainless steel pressures arise from the need for industry to rationalize the
The sensitivity and rehability of several NDI techniques. in detecing methodolgy, so that components are processed in the same way
service induced low cycle fatigue (LCF) cracks in the disc bolt ,rrespective of the customer An example of the problems
hole regions, are assessed on the basis of detectable crack sizes associated with the lack of a common approach, is shown in the
at 90 percent probability of detection (POD) and 90 percent POD differing requirements of the malor aero engine manufactures, for
witn 95 percent confidence level The NDI techniques examined the ultrasonic inspection of turbine discs A study of the physics

are the liquid penetrant inspection (LPI) technique, a manual eddy of the different methods demanded by the engine companies.
current inspection (ECI) technique using two gain settings and an shows that the same technical standard cannot be achieved, and
ultrasonic leaky wave (ULW) technique nsimg an automated C-scan the commercial problems are obvious when it is recognized that
system The safe inspection intervals SlisI) for the 5th stage these different techniques are imposed on a common forging
compr -or disc are calculated using deterministic fracture supplier As a result of recent collaboration activities with a number
mechanics teM) and probabilistic fracture mechanics (PFM) of other engine manufacturers. Rolls-Royce has carried out a survey
principles These calculaticns involve the use of the NDI data, of the differences that currently exist an these are summarized
finite element aralysis and the experrmental fatigue crack growth Ah
rate (1-uoRI rata generated on compact tension specimens
machined Iroie discs The results indicate that the manual ECI
technique -,ith a high gain setting and the automated ULW
technique re the most sensitive and reliable in detecting LCF N89-17261 ociete Nationale dElude ui de Constiuchior 1+

cracks Author Miteurs d'Aviaton. Evry Cedeu (France)

STATE-OF-THE-ART IN NON-DESTRUCTIVE EVALUATION OF
TURBINE ENGINE PARTS (LETAT DE LART EN CONTROLE
NONDEITRUCTIF DES PIECEj DE TURBOMACHINE I
J L MEIFFREN to AGARD. AGARD/SMP Revew Daruvo

N89-17258y Societe Nationale d'Etude er de Cortruction de Tolerance for Engine Structures I Non-DestrL-tve Evauator!
MoteurS d Auiaton, Evry Cedex (France) iSEE ;,89-!7253 09-38) Nov 1988 In FRENCH
SHORT TERM DEVELOPMENTS IN NON-DESTRUCTIVE (AGARD R 768) Avail NTIS HC Ain MF A01
EVALUATION APPLICABLE TO TURBINE ENGINE PARTS ILES An overiew of noh1 -destructi evaluahton (NDE) 01-hods ised
DEVELOPPEMENTS A COURT TERME DES CONTROLES A ueraew e)glneestructipesented 7he use of NE cods ,iO
NONDESTRUCTIFS APPLICABLES AUX PICSnE 1 aeronautical engineeringyis presue h v rNEd;nAPIECES DE the fabrication of turbine engine components .s dscussod w
TURBOMACHINESI particular emphasis on the ultrasonic evaluation of compressor
J 'AERMAtIAN AG.RD, uGARD/SMP Review Damaoe and :.rbnc disk-. th:erncs mc- rnit ef lurhve blade- and
Tolerance for Engine Structures 1 Non-Destructive Evaluation 29 p the evaluation of welds in compressor rotors In addilion iv

iSEE N89-17253 09-38) Nov 1988 In FRENCH application of NDE techniques to the evacation ot r sr
'

IAGARD-R-768) Avail NTIS HC ' )E/MF AOe
An analysis of the principles forming the basis of non-destructive egnes is discussed Tre detecion of uue cracks and I-

-desEe qE t ctiery in operational engine parts is addressed alecg with ta!istc al
evaluation NOEl techniques is presented Ecitation energy approaches lo NDE Autnr
sources medium interaction (perfurbation). and sensors and signal
processing are examined Fac/ors affecting the evolution and

adaptation of NDE methods are discussed and recent
developments in acoustic microscopy, ultrasonic techniques
Fnucault current methods, -and X-ray tomography are described N89-18477# Rolls-Royce Ltd. Derby (EngartJ)

Author USE OF MARKOV PROBABILITY AND RELIABILITY MODEL
GENERATION METHODS IN THE ANALYSIS OF RELIABILITY
OF A FAULT TOLERANT. HARDWARE AND SOFTWARE BASED
SYSTEM WITH FLEXIBLE REPAIR POLICIES
PAUL WHITE In AGARD Software Engineering and Its Appl=iatio,

N$9-17259# Navil Air Development Cente'. Warminster. PA to Avionics 23 p (SEE N89 18446 1 -06) Nov 1988 Preurously

LONG TERM POSSIBILITIES FOR NONDESTRUCTIVE announced as N81 28706
EVALUATION FOR US NAVY AIRCRAFT (AGARD-CP-431 Avail NTIS HC A18,MF A01
W R SCOTT In AGARD. AGARD/SMP Review n -age Problems in the application of tradilional reliability methods to
Tolerance for Ergine Structures 1 Non-Destructive Evaluat;on 13 p fault tolerant systems, particularly with the! t trees approach
(SEE N89-17253 09-38) Nov 1988 are reviewed The application of the Mark ! re -how equation
(AGARD R 7,8i Avail NTIS HC A06/MF A01 to reliability analysis is considered and It is o .own ho v minv

The maorily of nondestructive inspection (NDI) tehniques problems rfisappear with this approach and how the basic equatran
currently Ir, use for U S Navy aircraft are abor intenslve, operate, can be manipulated to include epalr policies, discrete events
dependert and result in excessive aircraft down-time For this and to calculate system rehabil ty How to set up a reliability mod-
reason NDI R and D efforts currently are directed toward developing front system design information in slrch a way as to ensure th
rapid automated systems capable of remote or unattended Markov states and transitions are c -ect and so as to ensure that
insoecrlon of large areas and inaccessible sfructures Ongoing the reliability analysis give. an upper bound for the system lalur-e
oogiams of this type that are discussed nclude laser ultrasonics. is outlined Formulation of design rformation a,' automa
acoustic emission, and quantitative imaging The primary thrust of generation of a reliability model for any given system is explained
the oresentator wdl cover the advantages of each technique and and an example anaysis is given based on a typical let engine
the technical obstacles preventing its implementation Author cont S! system E-SA
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39 N87-16378# British Aerospace Aircraft Group, Warton
(England)

STRUCTURAL MECHANICS STATING THE PROBLEM: THE STEP BEFORE F. E.
MODELLING
IAN C. TAIG /n AGARD Practical Application of Finite Element

Includes structural element design and weight analysis; fatigue; Analysis to Aircraft Structural nesign It p (SEE N87-16376
and thermal Wress 08-39) Aug. 1986

(AGARD-LS.147) Avail: NTIS HC At7/MF A01
Structural analysis is concerned with finding practical solutions

N86-27678# Advisory Group lot Aerospace Research and of physical problems in the real world, finte element analysis is
Development, Neutly-Sur-Seine (France). Structures and Materials one powerful tool used as part of this process. Before starting to
Panel set up a finite element anatysis the task should be planned and

STATIC AEROELASTICITY IN COMBAT AIRCRAFT the essential features of the real world problem should be identified
Jan. 1986 42 p Seven steps are studied: planning the analysis in relation to
(AGARD.R-725. ISBN-92-835-1516-l; AD-A167595) Avail NTIS resources available, definition of the real structure, description of
HC A03/MF A01 the real structure, description of the structural context. definition

A review of tighter aircraft development programs over the of the facilities and resources available, and prescription of the
past three decades indicates a trend of increasing emphasis on solution requirements. In all cases. except formulation, these topics
the consideration of static aeroelastic effects. While early concerns are dealt with discursively, without recourse to mathematics In
addressed only the impact on air vehicle structural integrity, current discussing formulation, a simple engineers theory of matrix
design philosophy recognizes and addresses aeroelasticity as a structural analysis is presented as an everyday medium for defining
primary design parameter atetng structural optimization, vehicle and understanding the frnite element solution process. Author
aerodynamic stability, control effectiveness. and overall
performance Examples from wind tunnel testing, analytical studies. N87-16379# British Aerospace Aircraft Group, Warton (England)
and operational applications are presented to justify this emphasis, Military Aircraft Div.
illustrate current methodology and analysis techniques, and make MODELLING FOR THE FINITE ELEMENT METHOD
a case for an integrated approach to the consideration of static IAN C TAIG In AGARD Practical Application of Finite Element
aeroe(astic effects at all stages of (he design process Author Analysis to Aircraft Structural Design 18 p (SEE N87.16376

08-39) Aug 1986
(AGARD-LS-147) Avail NTIS HC A07/MF AO

Finite element modeling is not synonymous with mesh
generation. The complex structures typical of aerospace, and many
other industries give limited choice for clever mesh definition but

N86.31083# Advisory Group for Aerospace Research and contain a host of feaiures which need to be represented, either
Development, Neuily-Sur.Seine (France) Structures and Materials explicitly or implicitly within the fnite element model Topics covered
Panel herein include general modeling strategy. definition of a basic mesh
THE PROSPECTS FOR FINITE ELEMENT ANALYSIS METHODS local modeling of structural features including those which are
FOR STRUCTURAL QUALIFICATION below the basic mesh scale, element selection, load and inertial
Apr 1986 15 p Presented at the 61st Meeting of the Struclures representation, kinematic constraints and symmetry Al topics are
and Materials Panel of AGARD. Obvrammergau. West Germany treated in a non-mathematical way, relating decisions which the
8 13 Sep 1985 analyst must make to the known facts about the analysis in the

iAGARD-R-736. ISBN92-835-1526-9. AD-At71304) Avail NTIS way that experienced people make such judgements This naturally
HC A02iMF A01 leads to references to expert systems which are seen as having

As part of its 61sl Meeting the AGARD Structures and Materials a iat" impact t.i f held Author
Panel considered whether or not It should set up an act:v-ty to
examine the possibities of Structural Qualification by using Finite N87-16380# Air Force Flight Dynamics Lab Wraint-Pati .. ,.
Element Analytical Methods in place of testing As a preliminary AFB, OH
to its liscussions it heard the two papers printed here The first TIlE USE OF THE FINITE ELEMENT METHOD
or these ,ooks in general terms at the capabilities of existing V 8 VEN AYYA Jr, AGARD Practical Application o Finite Eleinen
organisatons and systems is- a-vis the standards which must Analysis to Arcraf Structural Design 39 p (SE. N87. 16376
necessarily be established before FEM qualification procedures 08-39) Aug 1986
can be implemented The second paper looks in rather more detail (AGARD-LS.147) Avaii NTIS HC A07'MF A01
at how non inear FFM may Le Replied in support of structral These lecture notes are primarily intended to provide a quick
tests Author overview of the solid mechanics problem 'it engineers using a

general purpose finite element system in the solution of aerospace
structures problems It gives a bnef Outline of the solid mechanics
problem and some the available Options for its solution The ftrre

element method is orplained in more detal with patricular mphasls
on the use of membrane element in aerospace structural

N87-16376# Advisory Group for Aerospace Research ann analysis Author
Development, Neuily-Stir Seine (Frailcel Structures and Materials
Panel N87-17065# industrieanlagen-Betiebsgesellichaft m b H

PRACTICAL APPLICATION OF FINITE ELEMENT ANALYSIS TO Ottobrunn (Germany F R )
AIRCRAFT STRUCTURAL DESIGN INFLUENCE OF WELDING FLAWS ON THE FATIGUE
Aug 1986 138 p Lectures held in Geilo, Norway, 11.12 Sep STRENGTH OF ELECTRON BEAM WELDMENTS IN TI AL6 V4
1986 in Lisbon Portugal, 15.16 Sep 1966. at McClellan AER. WALTER SCHUETT and WOLFRAM OBERPARLFITER /

Calif 29-30 Sep 1986. at Kelly AFB. Tex . 2 3 Oct 1986 and at AGARD Advance 3 Joining of Aerospace Metallic Materials 11 p
Wright.Patterson AFB Ohio 6.7 Oct 1986 SEE N37.17051 09-37) Jul 1986
(AGAID LS-147. ISBN.92-835-1536.6. AD-At 73823) Avail NTIS (AGARD-CP 398) Avail NTIS HC A12;MF A01
H4C A07/MF A01 Ecctron beam (EB) welding is a well known jloing melo, in

This ecture ntroihceu the main aspects of finite element aircraft construction Although a lot of data is asailable on the
analysis and modeirg with emphasis placed on the solution of fatigue behavior of EB-welded Ti AI6 V4 alloy, only a few data on
nractical design problems Air outline is given o1 the broad principles the effect of flaws in these weldments exist Therefore ertificial
of the finile element method with some emphasis on the limitations flaws of different size were produced in EB weldments and ho
of the technique This is followed by an explanation of the modeling effect of these flaws on static strength, fatigue, fracture toughness
problems encountered in the analysis of real structures together and crack propagation was studied Experience has shown, that
with their resolution The use of the finite element system is existing flaws may be not found or heavily underestimated by
included For individual titles see N87-16377 through N87 16380 non-destructive inspection (NDI) Also NDI cannot distinguish
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between sharp-edged flaws (which may behave like cracksl and requirements of a standard joint for fastener evaluation purposes.
sphencal cavities, In the present investigation they reduced the Author
static strength up to 35%, the fatigue strength up to 50% (at N

10(5) cycles), and the fracture toughness up to 10% Such
reductions therefore must be accounted for in the design phase
of Ti A16 V4 components containing Ehd-weids Author N88-26695# Advisory Group for Aerospace Research and

Development, Neuily-Sur-Seine (France)
N87-20372# Royal Netherlands Aircraft Factories Fokker, AUTOMATED MEASUREMENT OF CRACK LENGTH AND LOAD
Schiphot Oost. Space Div. LINE DISPLACEMENT AT ELEVATED TEMPERATURE
ACOUSTIC EFFECTS ON THE DYNAMIC OF LIGHTWEIGHT H. P. VANLEEUVEN. F F GROEP, L SCHRA. and N DAM
STRUCTURES (National Aerospace Lab. Emmeloord, Netherlands I Feb 1988
J J. WIJKER In AGARD Mechanical Qualification of Large Flexible 14 p Presented at the 65th Meeting of the Structures and
Spacecraft Structures 15 p (SEE N87-20355 13-18) Jul 1986 Matenals Panel of AGARD. Cesme. Turkey. 4-9 Oct 1987
(AGARD-CP-397) Avail: NTIS HC A12/MF AOl (AGARD-R-751; ISBN-92-835-0446-1; AD-A194402) Avail NTIS

The influence of the acoustic effects (surrounding air) on the HC A03/MF A01

dynamic behavior of lightweight structures is discussed Emphasis Test results reported in the literature show that in creep cracking
is given to: the unexpected dynamic characteristics as shown during tests at elevated temperature under steady load, the crack growth
test, simulation of the acoustic loading wittin the finite element rate correlates best with the contour integral C (also called J)
representation (linear domain): and comparison of the measured in comparison to other possible parameters. In the case of the
dynamic characteristics (modal survey) with the adapted finite fatigue at elevated temperature, the crack growth rate correlates
element results, best with C" if cracking is predominantly time dependent. It,

however, cracking is predominantly cycle dependent the crack

N87-21197# Motoren- und Turbinen-Union Muenchen G m.b.H growth rate correlates best with the range Delta J of the contour
(Germany, F R) integral J It is discussed that in such testing C

° 
and J are fairly

VIBRATION ANALYSIS BY SPECKLE INTERFEROMETRY easily determined if. apart from load and crack length, the load
HARTWIG KNOELL i AGARD Advanced Instrumentation for line displacement is measured A description is given of a test
Aero Engine Components 9 p (SEE N87-21170 14-31) Nov. setup developed for elevated temperature creep cracking tests in
1986 which crack length was measured with the electrical potential drop

(AGARD-CP-399) Avail: NTIS HC A24/MF AOl method and load line displacement measured with two inductive
The vibrational modes of complex systems can be visualized transducers located inside the furnace. Measurement was

with high sensitivity by laser light speckle interterometry. Electronic automated with the aid of a personal computer which controlled

speckle pattern interferometry (ESPI), in contrast to holography, the measurements and processed the results automatically This
does not use photo-chemical storage media but, shows a live setup can be adapted for elevated temperature fatigue testing
image of the vibrational modes created by the time-average method Author

directly on a monitor screen, The particular advantage of this very
useful and now almost conventional procedure of vibration analysis
is demonstrated by two applications to aero-engine parts: a
compressor blade and an impeller of a small centrifugal N89-10007# Imperial Coll. of Science and Technology. Londo.
compressor. Author (England). Dept. of Mechanical Engineering

N88-11139# Advisory Group for Aerospace Research and BASIC STRUCTURAL DYNAMICS

Development, Neuilly-Sur-Seine (France). Structures and Materials D. J EWINS In AGARD, AGARD Manual on Aeroelasticity in

Panel. Axal-Flow Turbo Machines Volume 2: Structural Dynamics and

RELIABILITY OF FINITE ELEMENT METHODS IN NORTH Aeroelastictty 14 p (SEE N19-10006 01-02) Jun. 1988

AMERICA (AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01

JERZY J. KACPRZYNSK Jul. 1987 25 p Concepts are introduced which are dynamics aspects and the

(AGARD-R-748 AD-A187157) Avail: NTIS HC A03/MF A01 properties of interest as well as summazing the appropriate

The reliability of finite element analysis techniques in place of analysis method, available for deriving the required information in

structural tests are discussed in the context of airworthiness specific cases. The task )I formulating a suitable mathematical

assessment. Using an example as illustration, it is shown that in model is discussed. The use of finite element methods for this

order to obtain meaningful results, the analysis must be performed modeling task is examined. Some of the special analysis methods

with extreme care by an experienced analyst. The reliance on the which are especially appropriate for dealing with the particular

finite element analysis alone may result in serious misdiagnosis. structural forms common in bladed assemblies are outlined.

The verification and the certification of programs and the Author

certification of users are discussed. Some of the most important
tests f-, validation of finite element programs are presented.

Author
N89-10016# Detroit Diesel Allison, Indianapolis, IN.

N88-12818# Advisory Group for Aerospace Research and FORCED VIBRATION AND FLUTTER DESIGN METHODOLOGY
Development, Paris (France). Structures and Materials Panel. LYNN E. SNYDER and DONALD W. BURNS In AGARD, AGARD
STANDARD FATIGUE TEST SPECIMENS FOR FASTENER Manual on Aeroelasticity in Axial-Flow Turbo Machines Volume
EVALUATION 2: Structural Dynamics and Aeroelasticity 28 p (SEE N89-10006
ROBIN COOK (Royal Aircraft Establishment, Farnborough, England) 01-02) Jun. 1988
Nov. 1987 66 p (AGARD-AG-298-VOL-2) Avail: NTIS HC A12/MF A01
(AGARD-AG-304; ISBN-92-835-0429-1; AD-A1a9002) Avail: The aeroelastic principles and considerations of designing
NTIS HC A04/MF A01 blades, disks, and vanes to avoid high cycle fatigue failure is

An AGARD coordinated program which examines the fatigue covered. Two types of vbration that can cause high cycle fatigue,
performance and joint characteristics of a number of mechanically flutter, and forced vibration, will first be defined and the basic
fastened joints with: (1) no or low secondary bending, and (2) governing equations discussed, Next, under forced vibration design
with high secondary bending. In part 1. three types of joint are the areas of source definition, types of components, vibratory mode

assessed which exhibit no, low. and high amounts of load transfer shape definitions, and basic steps in design for adequate high
by the fastener. The no-load transfer joint was rejected and low cycle fatigue life will be presented. For clarification a forced
and high load transfer joint were considered to be equivalent in vibration design example will be shown using a high performance
rating fastener systems. In part 2. three types of single shear turbine blade/disk component. Finally, types of flutter, dominant
joint are considered. They are compared on the basis of load flutter parameters, and flutter procedures and design parameters
transfer and secondary bending characteristics and also on the will be discussed. The overall emphasis is on application to initial

fatigue endurance with a range of fastener systems installed. Only design of blades, disks, and vanes of aeroelastic criteria to prevent

one joint, the UK designed 0-loint, adequatey fulfilled the high cycle fatigue failures. Author
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NW-17267# Advisory Idroup for Aerospace Research and N9-17290# National Aeronautics and Space Adminstration.
Development. Neuilly-Sur-Seine (France) Structures and Materials Langley Research Center, Hampton, VA.
Panel. PRELIMINARY FATIGUE TESTS ON SHORT-CRACK
SHORT-CRACK GROWTH BEHAVIOUR IN AN ALUMINUM SPECIMENS
ALLOY: AN AGARD COOPERATIVE TEST PROGRAMME J. C. NEWMAN. JR., E. P. PHILLIPS. and M. H. SWAIN (Planning
J. C. NEWMAN. JR. and P. R. EDWARDS (Royal Aerospace Research Corp., Hampton. VA.) In AGARD. Short-Crack Growth
Establishment, Famborough. England ) Dec. 1988 106 p Behavour in an Aluminum Alloy: An AGARD Cooperative Test
(AGARD-R-732; ISBN-92-835-0493-3; AD-A205648) Avail: NTIS Programme p 66-69 (SEE N89-17287 09-39) Dec. 198
HC A06/MF A01 (AGARD-R-732) Avail: NTIS HC A06/MF A01 CSCL 20K

An AGARD test program on the growth of short fatigue cracks The objective of the preliminary fatigue tests was to determine
was conducted to define the significance of the short-crack effect, the stress levels to be used by the participants in the Cooperative
to compare test results from vanous laboratories and to evaluate Test Program. As previously mentioned, the United States Air Force
an existing analytical model to predict the growth of such cracks. Wright-Patterson Aeronautical Laboratory machined about 700
The first phase of this program, the Core Program was aimed at single-edge-notched tension (SENT) specimens from material
test procedure and specimen standardization and calibration of supplied by the NASA Langley Research Center. In addition, NASA
the vanous laboratories. A detailed working document has been Langley machined about 50 SENT specimens from the same
prepared and is included in this report. It describes the testing material. Comparison of fatigue tests conducted on the two sets
fundamentals and procedures and includes the analysis procedures of specimens indicated a large difference in fatigue behavior under
used for handling the test data. The results from the test program constant-amplitude loading. A recovery program was initiated to
showed good agreement among the participants on short-crack resolve this difference before the specimens were distributed to
growth rates, on fatigue life to various crack sizes and breakthrough participants. The following sections describe the recovery program
(surface- or corner-crack became a through crack), and on crack and the preliminary fatigue tests and analyses conducted to
shapes. For individual titles, see N89-17288 through N89-17297. determine stress levels for constant-amplitude, FALSTAFF. and

GAUSSIAN loading. Author

N89-17291"# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ALIGNMENT VERIFICATION PROCEDURES
P. R. EDWARDS (Royal Aircraft Establishment, Farnborough.

N89-17288# National Aeronautics and Space Administration. England ), E. P. PHILLIPS, and J. C. NEWMAN. JR. In AGARD.
Langley Research Center, Hampton. VA. Short-Crack Growth Behaviour in an Aluminum Alloy: An AGARD
SHORT-CRACK GROWTH BEHAVIOUR IN AN ALUMINUM Cooperative Test Programme p 70-71 (SEE N89-17297 09-39)
ALLOY: AN AGARD COOPERATIVE TEST PROGRAM Dec. 198
J. C. NEWMAN, JR. and P. R. EDWARDS (Royal Aircraft (AGARD-R-732) Avail: NTIS HC A06/MF A01 CSCL 20K
Establishment, Faeborough, England ) In AGARD, Short-Crack In alignment verification procedures each laboratory is required
Growth Behaviour in an Aluminum Alloy: An AGARD C-perative tr vion its test machines and qripoin' fi-,,h- to rvlwuce a nearly
Tz1- Progiamrne p 1-60 (bE:E NE9-17287 09-39) Dec. 1988 unitorm tensile stress field on an un-notched sheet specimen.
(AGARC R-732) Avail: NTIS HC A06/MF A01 CSCL 20K The blank specimens (50 mm w X 305 mm I X 2.3 mm th) supplied

An AGARD Cooperative Test Program on the growth of short by the coordinators were strain gauged. Strain gauge readings
fatigue cracks was conducted to define the significance of the were taken at all gauges (n I through 10). The alignment
short-crack effect, to compare test results from various laboratories, verification procedures are as follows: (1) zero all strain gauges
and to evaluate an existing analytical crack-growth prediction while specimen is in a free-supported condition; (2) put
model. The initiation and growth of short fatigue cracks (5 strain-gauged specimen in the test machine so that specimen front
micrometer to 2 mm) from the surface of a semi-circular notch in face (face 1) is in contact with reference jaw (standard position of
2024-T3 aluminum alloy sheet material were monitored under specimen), tighten grips, and at zero load measure strains on al
various load histories. The cracks initiated from inclusion particle gauges. (epsilon sub nSO is strain at gauge n, standard position,
clusters or voids on the notch surface and generally grew as zero load); (3) with specimen in machine and at a tensile load ot
surface cracks. Tests were conducted under several 10 kN measure strains (specimen in standard position). (Strain =
constant-ampitude (stress ratios of -2. -1. 0. and 0.5) and spectrum epsilon sub nSt 0); (4) remove specimen from machine Put
(FALSTAFF and GAUSSIAN) loading conditions at 3 stress levels specimen in machine so that specimen back face (face 2) is in
each. Short crack growth was recorded using a plastic-replica contact with reference jaw (reverse position of specimen), tighten
technique. Over 250 edge-notched specimens were fatigue tested grips, and at zero load measure strains on all gauges, (Strain -
and nearly 950 cracks monitored by 12 participants from 9 epsilon sub nRO); and (5) with specimen in machine and at tensile
countries. Long crack-growth rate data for cracks greater than 2 load of 10 kN measure strains (specimen in reverse position).
mm in length were obtained over a wide range in rates (10 to the (epsilon sub nRlO is strain at gauge n, reverse position, 10 kN
-8 to 10 to the -1 mm/cycle) for all constant-amplitude loading load). Author
conditions. Long crack-growth rate data for the FALSTAFF and
GAUSSIAN load sequences were also obtained. Author N89-17292# Royal Aircraft Establishment, Famborough

(England).
ON-UNE SPECTRUM LOADING ACCURACY VERIFICATION
P. R. EDWARDS In AGARD, Short-Crack Growth Behaviour in
an Aluminum Alloy: An AGARD Cooperative Test Programme p
72-74 (SEE N89-17287 09-39) Dec, 1988
(AGARD-R-732) Avail: NTIS HC A06/MF A01

N89-17289# National Aerospace Lab., Amsterdam Eight laboratories carrying out variable-amplitude load tests
(Netherlands). using the FALSTAFF spectrum were visited by one of the
MICROSTRUCTURAL EXAMINATION OF CORE-PROGRAMME coordinators (P.R, Edwards) and measurements taken to assess
MATERIAL the accuracy with which the loading sequences were being applied.
R. J. H. WANHILL In AGARD, Short-Crack Growth Behaviour in The measurements were taken on a portable Rainflow counting
an Aluminum Alloy: An AGARD Cooperative Test Programme p device which had a resolution of 64 levels. Thus the device was
61-65 (SEE N89-17287 09-39) Dec. 1988 able to measure 64 x 64 triangular Rainflow matrices. All
(AGARO-R-732) Avail: NTIS HC A06/MF A01 measurements were made on an alignment specimen with central

This annex describes the microstructure of the 2.3 mm thick strain gauges on each side of the specimen because these
2024-T3 aluminum alloy sheet used in the core program. The measurements would be more convincing than any taken from
significance of microstructure for fatigue crack growth in the low the load cell of the servohydraulic fatigue machine. The assessment
stress intensity regime is briefly discussed The results are based of the accuracy of loading and whether the actual sequence of
on an extensive compilation and analyein of data for five different loads was correct was done initially by a comparison of Rainflow
batches of 2024-T3 and T351. Author matrices. However, it was found that all of the conclusions that

184



39 STRUCTURAL MECHANICS

could be drawn from such comparisons could equally be drawn mm wide center-cracked specimens of 2024-T3 aluminum alloy
from simple measurements of peaks and troughs, these sheet obtained from NASA Langley Research Center. A central
measurements were extracted from the Rainflow matrix and are slot of 0.4 by 3 mm was used as the crack starter. Specimen
presented. Author dimensions are shown. Author

N89-17293# Planning Research Corp., Hampton, VA. N89-17297# P. P. Data Ltd.. Fleet (England).
SUGGESTED PLASTIC-REPLICA METHOD DATABASE PROGRAM FOR CRACK PROPAGATION DATA
M. H. SWAIN //n AGARD, Short-Crack Growth Behaviour in an ACQUIRED IN THE AGARD SHORT CRACKS COLLABORATIVE
Aluminum Alloy: An AGARD Cooperative test Programme p 75 EFFORT
(SEE N89-17287 09-39) Dec. 1988 P. R EDWARDS In AGARD, Short-Crack Growth Behaviour in
(AGARD-R-732) Avail: NTIS HC A06/MF A01 an Aluminum Alloy: An AGARD Cooperative Test Programme p

The Cooperative Test Program participants received their test 86-96 (SEE N89-17287 09-39) Dec. 1988
specimens in the chemically-polished condition. Prior to testing, (AGARD-R-732) Avail: NTIS HC A06/MF A01
the notch area was cleaned with acetone and then ethanlol was The operation of a database program developed for use in
applied with a swab. It was then etched, which removed a very the AGARD short cacks collaborative effort is described. Data
thin layer of material revealing the grain structure. A replica of the are stored as tiles of crack length against number of cycles If
notch surface was made after each cyclic interval. The cyclic desired, sets of polynomial coefficients describing curves fitted to
interval was selected so that some 25 to 30 replicas were taken the data in each file are available. Any of the sets of data can be
during a test. Acetyl cellulose replica film was used. Author plotted, either a plot of crack length against number of cycles or

a log-log plot of delta K (alternating stress intensity factor) against

N89-17294*# National Aeronautics and Space Administration da/dN (crack growth rate), with adjustable scales in both cases.
Langley Research Center. Hampton, VA The object of the program is to enable easy Cross-plotting of
APPROXIMATE STRESS-INTENSITY FACTORS FOR A different sets of data on the same graph. The plots can be output
SURFACE CRACK AND THROUGH CRACK AT A to an external plotter if required, either for incorporation into
SEMI-CIRCULAR NOTCH technical reports or to produce viewgraphs These features have
J C. NEWMAN. JR. In AGAR9. Short-Crack Growth Behaviour been extensively used in this report. Least squares fit straight
in an Aluminum Alloy: An AGARD Cooperative test Programme p lines on log-log plots can be calculated and plotted for any set or
76-77 (SEE N89-17287 09-39) Dec. 1988 sets of data. Provision exists for the fitting of polynomials to each

(AGARD-R-732) Avail: NTIS HC A06/MF AOt CSCL 20K set of data. This can be carried out interactively, because
An approximate stress-intensity factor equation for a polynomials are plotted quickly on the graphics screen, and different

semi-elliptical surface crack located at the center of a semi-circular orders of polynomial curve fit compared. If a suitable digitizing
edge notch subjected to remote uniform stress is given Author tablet is available then additional points can be added to the

length against cycle curves, so as to force the polynomial to follow
N89-17295'# National Aeronautics and Space Administration, a desired curve, in particular, to follow the correct slope at the
Langley Research Center. Hampton, VA. beginning and end of defined crack propagation curves The
LONG-.HACK GNOWTH RAI E LATA: CONe';ANT AMPLITUDE program will run on Hewlett-Packara 9836/9816 or
AND FALSTAFF LOADING 9817/217/310/320 computers with virtually any kind of disc
E. P. PHILLIPS In AGARD. Snort-Crack Growth Behaviour in an storage. Author
Aluminum Alloy: An AGARD Cooperative Test Programme p 78-83
(SEE N89-17287 09-39) Dec. 1988 N89-17687# Messerschmitt-Boelkow-Blohm G m.y.H. Munich
(AGARD-R-732) Avail: NTIS HC A06/MF A01 CSCL 20K (Germany, F.R.). Helicopter and Airplane Div.

This annex describes test procedures and presents the results COMPARISON OF EXPERIMENTAL RESULTS AND
from the tests for conventional, long-crack growth rate data. These ANALYTICALLY PREDICTED DATA FOR DOUBLE SHEAR

data were used for compansons with the short-crack growth rate FASTENED JOINTS
data. Data were generated in tests with constant stress ratio load J. BAUER and E. MENNLE In AGARD, Behaviour and Analysis
sequences (R - -2. -1. 0. and 0.5) and with the FALSTAFF load of Mechanically Fastened Joints in Composite Structures 8 p (SEE
sequence. Results for long-crack tests with the GAUSSIAN load N89-17685 10-31) Mar. 1988
sequence are discussed. The constant stress ratio tests included (AGARD-CP-427) Avail: NTIS HC A14/MF A01
decreasing, increasing, and constant load amplitude sequences. Experimental tests were carned out to investigate the strength
All cracks exceeded 6 mm in length when data were taken. All of open holes and pin loaded holes, as well as the combination
tests lere conducted on center-cracked specimens of 2024-T3 of both. The material used was 914 C/T100 The tests delivered
aluminum alloy sheet taken from a large stock of this material cnough information to represent the basis for the development of
held at the NASA Langley Research Center for fatigue research an analytic prediction method. The prediction method is based on
programs. The baseline long-crack growth rate data for this AGARD a linear analysis, which provides the stress field around a hole
program were generated using 50 mm wid center-cracked loaded with any type of loading. To make use of this information.
specimens which were cut from some of the same sheets that in order to predict the strength, some empirical influence has to
were used to make the edge-notched, short-crack specimens. At be taken into account to produce good correlation between
growth rates below about 10 to the -5 mm/cycle, the baseline experimental and theoretical data. The obtained accuracy is shown.
data were supplemented by data generated using 76 mm wide as well as diagrams representing theoretically derived notch
specimens made from sheets other than those used for the sensitivity and the double shear pin pearing strength. Author
short-crack program. At growth rates above about 10 to the -5
mm/cycle, the baseline data were supplemented by data generated N89-17688# Air Force Flight Dynamics Lab.. Wright-Patterson
using 305 mm wide specimens made from sheets other than those AFB, OH.
used for the other two specimen sizes. The results from the 305 RECENT STUDIES ON BOLTED JOINTS IN COMPOSITE
mm specimens were published in 1969. All specimen configurations STRUCTURES
are shown. Author V. B. VENKAYYA. R. L. RAMKUMAR (Northrop Corp, Hawthorne.

CA.), V. A. TISCHLER, B. D. SNYDER, and J. G. BURNS In
N89-17296# Industrieanlagen-Betriebsgesellschaft m.b.H.. AGARD, Behaviour and Analysis of Mechanically Fastened Joints
Ottobrunn (Germany. F.R.). in Composite Structures 14 p (SEE N89-17685 10-31) Mar
LONG-CRACK GROWTH RATE DATA: GAUSSIAN LOADING 1988
P. HEULER In AGARD, Short-Crack Growth Behaviour in an (AGARD-CP-427) Avail: NTIS HC A14/MF A01
Aluminum Alloy: An AGARD Cooperative Test Programme p 84-85 A brief review of recent Air Force programs in bolted toints in
(SEE N89-17287 09-39) Dec. 1988 composite structures is given. The review includes analytical
(AGARD-R-732) Avail: NTIS HC A06/MF A01 methods development and epenmental venfication. Analytical

('.onventional long-crack growth rate data under GAUSSIAN methods address both single fastener and multifastener joints. A
loading were generated at IABG within the AGARD short crack number of joint design vanables, such as. finite geometry, fastener
program on 2024-T3 sheet specimens. Test procedures and results arrangement, joint service environment, and a number of relevant
are bnefly reviewed in the following. Tests were carried out on 50 parameters are addressed. The test programs include static and
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fatgue specimens. Single fastener and multifastener joint tests N89 17694# Service Techniques des Programmes Aeronautques,
were conducted to correlate the analysis results. Full scale test Paris (France).
specimens were used to venty the overall analysis strategy A IMPROVEMENT OF SPECIFIC FASTENING ELEMENTS FOR
comprehensive design guide was developed for the design and ASSEMBLING COMPOSITE STRUCTURES [MISE AU POINT
analysis of bolted joints in composite structures. This design guide D'ELEMENTS DE FIXATION SPECIFIQUES POUR
is supported by four computer programs. Author ASSEMBLAGES DES STRUCTURES COMPOSITES]

RAYMOND LOUIS In AGARD, Behaviour and Analysis o1
N89-176S9# Politecnico di Milano (Italy). Dipartimento di Mechanically Fastened Joints in Composite Structures 31 p (SEE
Ingegnena Aerospaziale. N89- 17685 10-31) Mar. 1988 In FRENCH
DAMAGE GROWTH IN COMPOSITE BOLTED JOINTS (AGAFID-CP-427) Avail: NTIS HC A14/MF A01
V GIAVOTFO, C. CAPRILE, and G. SALA In AGARO. Behaviour The development of composite material assemblages must take
and Analysis of Mechanically Fastened Joints in Composite into account the inherent singularities of the materials used. for
Structures 12 p (SEE N89-17685 10-31) Mar. 1988 example. delamination, damage from impact and/or expansion.
(AGARD-CP-427) Avail: NTIS HC A14/MF A0l galvanic corrosion, etc. Several activities have been undertaken

Static and fatigue failures of composite joints are dominated to improve specific fastening elements susceptable to the problems
by the growth and propagation of typical damages, up to some encountered with these structures. Specifically, these activities
catastrophic condition. Starting from experimental observations concern the development of a semi-tubuar anti-peeling rivet of
some typical damage propagation patterns are identified and titanium T-40 for non-working structures; the development of
analyzed with simple models and finite element schemes. This interchangeable nuts that are used in association with an
extension of the fracture mechanics approach, to a broader class intermediary glass-fiber strip; and the modification of existing
of damages allows some insight into the intricate behavior of joints. fasteners (structural screws and rivets). Author
and gives some suggestion for interpreting and correlating
experimental data. Author N89-17607# National Aeronautics and Space Administration.

Langley Research Center, Hamptcn. VA.
N89-17690# Technische Hogeschool, Delft (Netherlands). BEARING-BYPASS LOADING ON BOLTED COMPOSITE
Faculty ot Aerospace Engineering. JOINTS
STRESSES IN PINLOADED ANISOTROPIC PLATES J. H. CREWS. JR. and R. A NAIK (PRC Kentron. Inc., Hampton.
TH. DEJONG In AGARD. Behaviour and Analysis of Mechanically VA.) In AGARD. Behaviour and Analysis of Mcchanically Fastened
Fastened Joints in Composite Structures 17 p (SEE N89-17685 Joints in Composite Structures 13 p (SEE N89-17685 10-31) Mar.
10-31) Mar. 1988 1988
(AGARD-CP-427) Avail: NTIS HC Af4/MF A01 (AGARD-CP-427) Avail: NTIS NC A14/MF A01

A method is presented for the calculation of stresses in an A combined experimental and analytical study has been
anisotropic plate with a row of equally spaced, pin-loaded holes, conducted to investigate the effects of simultaneous beanng and
The pin.pate configuration represents a practical joint in a bypass loading on a graphite/epoxy (T300/5208) laminate. Tests
composite laminate where load is transferred from a row of were conducted with a test machine that allows the beanng-bypass
mechanical fasteners into the laminate. The pins fit without load ratio to be controlled while a single-fastener coupon is loaded
clearance in the holes and they are supposed to be infinitely to failure in either tension or compression, Test coupons consisted
rigid. Numerical results are presented showing various effects of of 16-ply quasi-isotropic graphite/epoxy laminates with a
geometrical and material parameters on the stress distribution. c3ntralty-lccateo 6.35 mm bolt having a clearance fNI.
The problem of a row of pin-loaded holes in an anisotropic plate Onset-damage and ultimate strengths were determined for each
is a complicated one of the mixed-boundary type. Several solutions test case. Next, a finite element stress analysis was conducted
can be found in literature based on simplifying assumptions for each test case. The computed local stresses were used with
regarding symmetry and geometry of the problem. The present appropriate failure criteria to analyze the observed failure modes
solution is more general in those respects. It can be considered and strengths. An unexpected interaction of the effect of the bypass
to be an application of Leknitskiis theory on stress distributions and bearing loads was found for the onset of compression-reacted
in anisotropic plates with holes. With this theory the determination bearing damage. This interaction was caused by a decrease in
of the stresses is reduced to the determiration of two complex the bolt-hole contact arc and a corresponding increase in the
functions which must satisfy the specified boundary conditions of severity of the bearing loads. The amount of bolt-hole contact
the problem. Author had a significant effect on local stresses and, thu4. an tne

calculated damage-onset and ultimate strengths. An
N89-17692# Northrop Corp., Hawthome, CA. Aircraft Div. offset-compesiblp failure mode was identified for laminate failure
STRENGTH ANALYSIS OF MECHANICALLY FASTENED under compression bearing-bypass loading. This failure niode
COMPOSITE STRUCTURES appears to be unique to compression bearing-bypass loading and.
R. L. RAMKUMAR, E. S. SAETHER, K. APPA. and V. B. VENKAYYA therefore, cannot be predicted from simple tests. Author
(Air Force Flight Dynamics Lab., Wright-Patterson AFB, OH.) In
AGARD. Behaviour and Analysis of Mechanically Fastened Joints N89-17698# Construcciones Aeronauticas S.A., Madrid (Spain).
in Composite Structures 22 p (SEE N89-17685 10-31) Mar. BOLTED JOINTS IN COMPOSITES PRIMARY STRUCTURES
1988 A. RUTZ In AGARO, Behaviour and Analysis of Mechanically
(AGARO-CP-427) Avail: NTIS HC A14/MF A01 Fastened Joints in Composite Structures 8 p (SEE N89-17685

An analysis is presented for the strength prediction of bolted 10-31) Mar. 1988
composite structures, based on the average stress failure criterion. (AGARD-CP-427) Avail: NTIS HC A14/MF Aol
The analysis incorporates analytically derived special finite In the design ol composite parts in primary structures, it is
elements (loaded hole, unloaded hole, plain and effective fastener necessary to use bolted joints because of inspection requirements
elements) into the Strength Analysis of Multifastener Composite and the need for partial disassembly, repairability. access to the
Joints (SAMCJ) computer code. The loaded hole, unloaded hole structure and for manufacturing breaks. The proven methodology
and plain elements are derived from a doubly-connected laminate for bolted joints in metallic structures cannot directly be applied
analysis that accounts for the effects of finite plate dimensions to bolted joints in composites because of material anisotropy.
via a least squares boundary collocation solution procedure. The susceptibility to the envirorment and, specially. due to the brittle
effective fastener element is derived from a fastener analysis that behavior of typi. . epoxy joint members up to ultimate
accounts for fastener shear and bending effects and failure. In typical I toe i-l multirow joints, a tension type failure
through-!he-thickness effects in the bolted laminates. The sIjscial generally occurs. , c !- cial stresses at the edge of fastener
finite elements in the SAMCJ code are developed using Argyris' hole produces fiber - , Stress concentration factors governs
natural mode method. The bolted plates are modeled using these the failure, as in met., i under fatigue loads. A methodology
elements. a conventional solution procedure yields the fastener for composite bolted joint analysis must be able to size any
loads and the stress state in each plate, and average stress failure particular joint design, avoiding the need for detail design tests.
criteria are used for strength prediction. The characteristic distances The approach under the present work correlates stress
for net section. shear-out and bearing failures are assumed to be concentration factors in elastic-isotropic materials with those which
material constants obtained through limited testing. Author appear in composites, by means of an empirically determined relief
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factor CASA has developed a test plan which includes several of a correlation between damage growth and residual strength
hundreds of coupons. Basically, beanng strength allowables and and stiffness of iointed specimens. AuthOr
stress concentration factors, are investigated. Author

N89.17700# Messerschmift-Boelkow-Blohm G.m.b.H.. Munich 43
(Germany. F.R.). Helicopter and Airplane Div.
MECHANISM OF SINGLE SHEAR FASTENED JOINTS EARTH RESOURCES AND REMOTE SENSING
J. BAUER In AGARD, Behaviour and Analysis of Mechanically
Fastened Joints in Composite Structures 6 p (SEE N89-17685 Includes remote sensing cf earth resources by aircraft and
10-31) Mar. 1988
(AGARD-CP-427) Avail: NTIS HC A14/MF A01 spacecraft; photogrammetry: and aerial photography

'hr protems arising wth the strength of single shear fastened
joints are considerably greater than those of double shear joints. N87-2490# Marcon Avioncs Ltd. Rochester Englandl
The additional (or secondary) bending moment loads not only the Ga
cover plates, but also causes considerably bending in the fasteners. Guidance Systems Div.

THE DIGITAL COLOUR MAP SIMPLIFIES GROUND ATTACK
If one of the cover plates is of composite material its bnttleness OPERATIONS
and relatively low bearing strength lead to new problems. DAVID W. HUSSEY In AGrID Advanced Computer Aids in the
Experimental data were produced with a 100 percent load transfer Planning and Execution of Air Warfare and Ground Strike
specimen using a carbon fiber reinforced plastic (CFRP) to metal pa tion 8 p (SEE Nnd 18-66) Strike
joint. Taking the specimen configuration as a basis, the interaction (AGARD-Cp4o4) Avail: NTIS HC A07/MF A01
of bolt bending and local load introduction into the two plates is A pilot flying low and ast needs to know where he is at all
shown In form Of diagrams based on theoretical investigatins Ap11fyn o n atnest nwweeh sa l

Author times, the nature of the local terrain, and his actual track. The
pilot needs help in identifying waypoints, threats, and targets without
distraction of his attention from the safety of the aircraft and the

N89-17703# Fiaunhofer-lnst. fuer Betriebsfestigkeit, Darmstadt overall demands of the miss;on. The ideal way to prov'fe t-is
(Germany, F.R.). information is as a continuous color map, oriented track up, with

EFFECT OF ENVIRONMENT AND IMPROVEMENT MEASURES all associated information overlayed. It must also be usable by
ON STATIC AND FATIGUE STRENGTH OF BOLTED day and by night. No currently available equipment can achieve
CFRP-JOINTS all these aims satisfactorily, other than a digital color map generator
J J. GERHARZ and H. HUTH In AGARD, Behaviour and Analysis providing video to a multifunction color CRT display. Interest is
of Mechanically Fastened Joints in Composite Structures 16 p now focussing on increasing the benefits that accrue from the
(SEE N89-17685 10-31) Mar. 1988 use of the equipment in helicopter and fixed wing aircraft, in training,
(AGARD-CP-427) Avail: NTIS HC A14/MF A01 operationally, and as an aid to mission planning. The ease with

Effects of environment, preloading, bushings, local which the digital map database can be updated and ovedayed is
reinforcements and joint laminate tailoring on the efficiency of a factor. it is as useful during mission planning as it is to the pilot
carbon fiber reinforced plastic (CFRP) joints are documented, in the air. How such a computer aid might be used and some of
Thereby, joint efficiency at static, residual and fatigue strength is the increases in effectiveness that follow are identified Author
considered. The laminate lay-up, the fastener system, fastener fit
and clamping stresses were not changed. The material used was
914 C/T300 or Fiberte 976/T300. Critical hot/wet condition 46
expected in service reduced joint efficiency but preloading on
fatigue design load level with supermposed temperatu'e cycleG H
per flight did not Installation of metal bushings into fastener holes, GEOPHYSICS
local reinforcement by adding layers to the hole section, and joint
laminate tailoring through strip design were introduced to reveal Includes aeronomy; upper and lower atmosphere studies,
their ability to improve composite joint efficiency. They proved to ionospheric and magnetospheric physics: and geomagnetism.
be successful dependin'g oi, design constraints and required joint
performance. Author

N87-26938# Institut d'Aeronomie Spatiale de Belgique.

N89-17704# Politecnico di Milano (Italy). Dipartimento di Brussels.
Ingegneria Aerospeziale. THE QUIET AND DISTRIBUTED PLASMASPHERE
STIFFNESS AND RESIDUAL STRENGTH VARIATIONS ON J. LEMAIRE In AGARD, The Aerospace Environment at High
MECHANICAL JOINTS IN CFRP SPECIMENS IN CYCLING Altitudes and its Implications for Spacecraft Charging and
LOADING Communications 7 p (SEE N87-26937 21-18) May 1987
C. CAPRILF and G. SALA In AGARD, Behaviour and Analysis Previously announced as N87-22498
of Mechanically Fastened Joints in Composite Structures 24 p (AGARD-CP-406) Avail: NTIS HC A13/MF A01 CSCL 226
(SEE N89-17685 10-31) Mar. 1988 The plasmasphere and plasmapause are described from an
(AGARD-CP-427) Avail: NTIS HC At4/MF A01 observational point of view. The main properties of this rrnc

An experimental study of the fatigue behavior of jointed magnetospheric region are ccalled The dynamical response of
specimens made of carbon fiber reinforced plastic has been carried the plasmasphere to enhancements of geomagnetic activity is
out. Four different configurations and four laminations have been considered. The peeling off of the nightside plasmasphere at the
taken into account, to point out the influence of by-pass onset of enhanced magnefospheric convection events is discussed
load/fransfer load ratio and stacking sequence on specimen fatigue The dayside refilling mechanism is addressed. Author

behavior. Loading frequency has been maintained at 20 C.P.S. in
tension-tension tests at room temperature with dry test conditions. N87-26939# Utah State Univ., Logan. Center tor Atmospheric
Fatigue loads have consisted in an alternate component (20 pct and Space Sciences.
of failure load) superimposed on a constant tensile force (60 poct MAGNETOSPHERIC CONTROL OF THE BULK IONOSPHERIC
of failure load). The influence of different sequences of constant PLASMA
amplitude load blocks were also investigated. Residual strength J. J. SOJKA and R. W SCHUNK In AGARD. The Aerospace
and stiffness versus number of load cycles have been compared Environment at High Altitudes and its Implications for Spacecraft
for the same stacking sequence by varying specimen configuration. Charging and Communications 14 p (SEE N87-26937 21-18) May
and for different stacking sequences and equal configuration. 1987
Elastic and tensile charactentics have been monitored on-line by (Contract NSF ATM-84-17880)
means of load-cells, LVDT transducers and strain gauges. Damage (AGARD-CP-406) Avail: NTIS HC A13/MF A01
growth was inspected by making use of nondestructive tests like The temperature, composition, and circulation of high latitude
X-rays radiography with opaque enhanced penetrant liquids and ionosphere display a marked variation with altitude, longitude,
electronic microscope photigraphy. The final results have consisted universal time, season, solar cycle and geomagnetic activity. To a
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large degree this vanation is a consequence of the effect that N87-28943# Stanford Univ.. CA. STAR Lab.
magnetosphenc electric fields, particle precipitation, and heat flows WAVE-INDUCED PARTICLE PRECIPITATION FROM THE
have on the ionosphere These and other aspects of the MAGNETOSPHERE AND THE ASSOCIATED IONOSPHERIC
ionosphere's response to changing magnetospheric conditions are PERTURBATIONS
discussed using a time dependent ionospheric model. Author U. S. NAN In AGARD, The Aerospace Environment at High

Altitudes and its Implications for Spacecraft Charging and
Communications 10 p (SEE N87-26937 21-18) May 1987
(Contract NSF DPP-82-17820; NSF DPP-80-22282)
(AGARD-CP-406) Avail: NTIS HC At3/MF AOl

N87-26940# Institut d'Aeronomie Spatiale de Belgique, A brief review of the gyroresonant wave-induced precipitation
Brussels. of energetic radiation belt particles is presented using the particular
A MODEL FOR AN ELECTROMOTIVE FORCE GENERATOR IN case of interactions involving lightning-generated whistler waves
THE MAGNETOSPHERE: A SOURCE OF DISCRETE AURORAL as an example. The interaction physics is first discussed in the
ARCS context cf results from a recently developed theoretical model of
M. ROTH, D. S. EVANS (National Oceanic and Atmospheric the whistler-particle scattering process occurring in the
Administration, Boulder, Colo.), and J. LEMAIRE In AGARD. magnetosphere. This is followed by a discussion of the Trimpi
The Aerospace Environment at High Altitudes and its Implications effect, a particularly sensitive ground-based technique that has
for Spacecraft Charging and Communications 12 p (SEE N87-26937 recently been used for detecting ionospheric perturbations
21-18) May 1987 Previously announced as N87-17421 produced by whistler-induced energetic particle precipitation from
(AGARD-CP-406) Avail: NTIS HC A13/MF A0t the magnetosphere on L-shells of 2 to 5. Author

Results obtained from solving Maxwell's and Vlasov's equations
to obtain the electrical structure of the sheath that separates
magnetospheric particle populations of different densities and
temperatures are presented. It is shown that for reasonable
magnetospheric plasma populations, an electric potential difference N89-11933# Lancaster Univ. (England). Dept. of Environmental
of several kilovolts exists across such a boundary. The potential Science.
can serve as the necessary electromotive force for the auroral THE HIGH-LATITUDE IONOSPHERE: GEOPHYSICAL BASIS
current circuit. The colocation between a magnetospheric boundary J. K. HARGREAVES In AGARD. Media Effects on Electronic
and a discrete aurora is a natural consequence of this picture. Systems in the High Latitude Region 27 p (SEE N89-11931

Author 03-32) Sep. 1988
(AGARD-LS-162) Avail: NTIS HC A10/MF A01

This introductory lecture summarizes concepts of the

ionosphere and the magnetosphere that are fundamental to our
N87-26 941# Los Almos National Lab., NM. understanding of high-latitude ionosphere, It begins with the basic
HOSTILE ENERGETIC PARTICLE RADIATION ENVIRONMENTS theory of the ionosphere, particularly the processes of production
IN EARTH'S OUTER MAGNETOSPHERE and loss which lead to the existence of a permanent ionosphere
D. N BAKER R. D. BELIAN, P. R. HIGBIE, R. W. KLEBE and render the upper atmosphere electrically conducting. The
0n. . BAKER.D.BELAN P.p or. HE. R.udo Wal. K ESADEL, structure of khe magnetosphere, which strongly affects the polar
and J. B. BLAKE (Aerospace Corp.. El Segundo. Calif.) li AGAR, regions because of coupling along the geomagnetic field lines, is
The Aerospace Environment at High Altitudes and its Implications then reviewed, including the form of the magnetosphere, and the
or Spacecraft Charging and Communications 186-308 plasma and energetic particles that are contained within the

21-18) May 1887 Previously announced as N86-32018 pmand ergeti patceAtaur onand thth
(AGARD-CP-406) Avail: NTIS HC A13/MF A01 magnetosphere.

Particular emphasis is given to highly relativistic electrons (3
approx. 10 MeV). Electron fluxes and energy spectra are shown
that were measured by two high energy electron sensor systems
at 6.6 R sub E from 1979 through 1984. Large, persistent increases
in this population were found to be relatively infrequent and sporadic N89-11938# Lancaster Univ. (England) Dept. of Environmental
in 1979 to 1981 around solar maximum. During the approach to Science.
solar minimum (1981 to present) it is observed that the highly THE HIGH-LATITUDE IONOSPHERE: DYNAMICAL ASPECTS,
relativistic electrons occur with a regular 27-day periodicity and AND MODELS
are well associated with the reestablished solar wind stream J. K. HARGREAVES In AGARD, Media Effects on Electronic
structures. The present analysis suggests that the Jovian Systems in the High Latitude Region 22 p (SEE N89-11931
magnetosphere is a recurrent source of this significant electron 03-32) Sep. 1988
population in the outer terrestrial magnetosphere and that these (AGARD-LS-162) Avail: NTIS HC AtO/MF A01
electrons have a very deleterious effect on spacecraft systems Whereas the inner magnetosphere co-rotates with the Earth,
due to deep dielectric charging and low-dose susceptibility the outer region circulates in a pattern determined by the solar
effects. Author wind. These motions are communicated along the geomagnetic

field-lines to the high-latitude ionosphere, causing F-region plasma
to dnrt Lbodily and prvducing electric currents in the E region. The
dynamics of the polar ionosphere are characterized by trans-polar
drift from day to night and a return flow around the auroral zone.

N$7-26942# Royal Aircraft Establishment, Famborough (England). The neutral thermospheric wind is driven by solar heating, and
Radio and Navigation Dept. this also flows across the polar caps from day to night sectors.
THE USE OF P12 PULSATIONS AS INDICATORS OF SUBSTORM Models are becoming increasingly important in upper-atmosphere
EFFECTS AT GEOSTATIONARY ORBIT geophysics. The extensive data sets now available have enabled
M. LESTER In AGARD. The Aerospace Environmert at High empirical models to be compiled. These are essentially
Altitudes and its Implications for Spacecraft Charging and mathematical representations of the data in a form suitable for a
Communications 9 p (SEE N87-26937 21-18) May 1987 computer. Where the theory is sufficiently well developed, it is
(AGARD-CP-406) Avail: NTIS HC A13/MF A01 worthwhile to develop a mathematical model based on the

Some of the characteristics of Pi2 pulsations observed at fundamental equations governing the phenomenon. The output
mid-latitudes on the ground are reviewed and the use of certain from such models obviously needs to be checked against data,
characteristics in indicating various magnetic and particle and they offer a useful technique for studying the fundamentals
perturbations occurring during substorms are assessed. Spacecraft of complex phenomena. Models - some empirical, some
charging and its effects at geosynchronous orbit are also reviewed, mathematical, and some mixd - have been produced for the
There is a brief discussion of how Pi2 pulsations might be used structure of the neutral atmosphere, the winds and tides of the
to predict intervals of spacecraft charging at geosynchronous thermosphere, the ionosphere, the magnetosphere, and for
orbit. Author ionospheric radio propagation. Author
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N89-177508 Doston Univ.. MA. Dept. of Astronomy. DAN WEIMER (Regis CoL. Weston, MA) In AGARD. Scattering
MAGNETIC STORM EFFECTS ON F LAYER IRREGULARITIES and Propagation in Random Media 12 p (SEE N89-17706 10-31)
NEAR THE AURORAL OVAL Mar. 1988 Sponsored in part by Defense Nuclear Agency.
JULES AARONS and ALAN S RODGEI ritish Antarctic Survey. Washington, DC
Cambrdge, England ) In AGARD. Scattenng and Propagation in (Contract F9628-86-K-0038)
Random Media 10 p (SEE N89-17706 10-31) M&r 1988 (AGARD-CF-419) Avail: NTIS HC A23/MrAf,
Sponsored in part by ONR, Washington, DC and National The orbiting HiLat satellite launched by the Defense Nuclear
Environment Research Council, United Kingdom Agency in 1983 offered an opportunity for studying the ionospheric
(AGARD-CP.419) Avail: NTIS HC A23/MF A01 scintillation parameters in relation to the in-situ measurements of

The effect of F layer irregularities on transionospheric ionization density, drift velocity, field-aligned current, and particle
transmissions and fading at HF at the equatorial, auroral. and precipitation during the sunspot minimum penod. The results of
polar latitudes was documented. Little was done on morphology such a morphological study performed by the Air Force Geophysics
and physics of irregularities noted at subauroral latitudes, in the Laboratory based on their observations at the auroral oval station
vicinity of the plasmapause. The intensities of the irregularities of Tromso, Norway are discussed The dynamics of the spatial
are considerably less than those observed at equatorial and high and temporal extent of this region are illustrated in the invariant
latitude regions. A study was made of F layer irregularities for the latitude/magnetic local time grid. The geometrica enhancement
month of October 1981 using a series of scintillation and spread of scintillations observed during the alignment of the propagation
F measurements between 0 and 70 W. This included F layer path with the local magnetic L-shell is shown to be the most
intersections at subauroral as well as auroral latitudes In the data consistent and conspicuous feature of scintillations in the nighttime
set a comparison was made of scintillation on one propagation auroral oval. The steepening of phase spectral slope in this region
path, in the Nortnern Hemispnere, a id spread F data at a Southern is indicative of the presence of L-shell aligned sheet-like
Hemisphere conjugate position, the Argentine Islands. Correlation irregularities at long scale lengths. The seasonal variation of total
was obtained on those nights when scattering was noted over electron content (TEC) determiL -1 from the differential Doppler
several hours. The major irregularity activity periods were separated measurements of HiLat transmissions is discussed ,n relation to
The separation of irregularity occurrence at subauroral latitudes in-situ density measurements at 830 km. The results i re also
into cases associated with magnetic activity and cases when utilized to illustrate the dependence of ionospheric structure
magnetic activity was quiet does not allow for simple modeling or parameters on short-term variability of solar activity dunng the
statistical ordering. Ordering by Dst rather than Ap yields the best sunspot minimum period. Special effort is made to illustrate that
results. Duiing magnetic activity, the irregularities may be convected the joint study of scintillation/TEC and in-situ parameters provides
from high latitudes or created by penetration of the electric field an insight into the nature of magnetospheric coupling with the
to lower latitudes. During the recovery phase it is proposed that high latitude ionosphere. Author
ring current energies supply the ultimate source of the irregularity
production at F layer heights. Author

47
N89-17751 # Lowell Univ., MA. Center for Atmospheric
Research METEOROLOGY AND CLIMATOLOGY
SPECULAR SCATTER: A NEW MECHANISM FOR IONOSPHERIC
BACKSCATTER Includes weather forecasting and modification
GARY S SALES In AGARD, Scattering and Propagation in
Random Media 8 p (SEE N89-17706 10-31) Mar. 1988
(AGARD-CP-419) Avail: NTIS HC A23/MF AOl N88-27669# Advisory Group lor Aerospace Research and

Recent investigation into backscatter from ionosphenc Development, Neuilly-Sur-Seine (France).
irregularities at high frequencies (3 to 30 MHz) has indicated that ATMOSPHERIC TURBULENCE RESEARCH AT DUVLR
the usual scatter mechanism requiring orthogunality with the ANNE M. JOCHUM (Deutsche Forschungs- und Versuchsanstalt
field-aligned irregularities in the E and F region of the ionsophere fuer Luft- und Raumahrt. Wesseling, West Germany ) Jul 1988
is not sufficient to explain all the observations. Assuming field 19 p
aligned electron density irregularities, ray tracing shows that clutter (AGARD-R-752; ISfN-92-835-0462-3; AD-A198045) Avail. NTIS
originates in the region where the ray becomes perpendicular to HC A03IMF A01
the earth's magnetic field lines within the ionosphere. The intensity A brief overview is given of work on atmospheric turbulence at
of these rregularities can be described in terms of delta N/N, the DFVLR (German Aerospace Research Establishment), and
tractional deviation from the ambient electron density. The actual describes the research tools, which include instrumented aircraft
distribution of electron density fluctuations is described using a and numerical models. Some results of research on turbulence
power law spectrum with an exponent of n 2. As will be shown, characteristics are given: these are mostly in the convective
the orthogonality condition can always be satisfied in the F region boundary layer. The report discusses their application to the study
of the ionosphere at mid and high latitudes near the reflecting of aircraft response and airframe loadings. Author
point where the rays have become near-horizontal. The orthogonal
clutter mechanism is restricted to F-region altitudes near the
reflection point for obliquely propagating HF signals. In the auroral
ionosphere, in addition, the E-region irregularities are expected to N88-282*# National Aeronautics and Space Adminstraton.
be intense and can contribute to the overall ionosphenc clutter Langley Research Center, Hampton, VA.
through the mechanism of specular scatter. This scattering A SUMMARY OF ATMOSPHERIC TURBULENCE
mechanism was not considered before and will be described in MEASUREMENTS WITH SPEC!ALLY-EQUIPPED AIRCRAFT
detail. Finally. the specular scatter mechanism permits effective IN THE US
scatter at a wide range of altitudes throughout the F and E regions H N. MURROW In AGARD. The Flight of Flexible Aircraft in
of the ionosphere. Author Turbulence: State-of the Art in the Description and Modelling of

Atmospheric Turbulence 11 p (SEE N88-29725 24-01) Dec
1987
(AGARD-R-734) Avail: NTIS HC A09/MF A01 CSCL 04B

The technique of measurement of atmosphenc turbulence in
N89-17752# Air Force Geophysics Lab., Hanscom AF. MA. the form of true gust velocity is summanrzed. Specific aspects
IONOSPHERIC SCINTILLATIONS AND IN-SITU pointed out are related to NASA programs conductc,

4 
over the

MEASUREMENTS AT AN AURORAL LOCATION IN THE last 15 years. Liberal use is made of references for details Some
EUROPEAN SECTOR recommendations resulting from a Spring 1986 workshop on
SANTIMAY BASU, SUNANDA BASU, EILEEN MACKENZIE. and atmospheric turbulence are also presented. Author

189



47 METEOROLOGY AND CLIMATOLOGY

N88-29728# Royal Aircraft Establishment. Bedford (England). hypoxia and stress. While some of the treatments reduced cognitive
MEASUREMENT AND ANALYSIS OF LOW ALTITUDE parameters under normal conditions, none improved them in a
ATMOSPHERIC TURBULENCE OBTAINED USING A SPECIALLY meaningful way. However, several substances were found to
INSTRUMENTED GNAT AIRCRAFT improve performance disrupted by exposure to hypoxia. These
G. W. FOSTER and J. G. JONES In AGARD. The Flight of substances included piracetam, nimodipine. and ipsapirone (TVX
Flexible Aircraft in Turbulence State-of-the Art in the Description 0 7821). An additional characteristic of ipsapirone was an
and Modelling of Atmospheric Turbulence 45 p (SEE N88.29725 amelioration of negative responses to stress. Due to the
24-01) Dec. 1987 well-understood mechanisms of action of nimodipine and
(AGARD-R-734) Avail: NTIS HC A09/MF A01 ipsapirone, their low toxicity, and their lack of negative effects on

Detailed measurements of atmospheric turbulence made by a normal cognitive performance, it is suggested that these drugs
specially instrumented Gnat aircraft at altitudes below one thousand could prove to be useful therapeutic agents under conditions of
feet over a variety of terrains are described. A program of flying high information processing loads. Author
yielded abc-it 400 runs for which time histories of the three
components of turbulence are available. These runs are analyzed
to give parameters which summarize the statistical characteristics
of the turbulence encountered. A very strong relationship between N88-27683# Advisory Group for Aerospace Research and
two parameters from the Statistical Discrete Gust Analysis Development, Neuilly-Sur-Seine (France). Aerospace Medical
technique and one from the Power Spectral Density technique is Panel.
identified. Author ELECTRIC AND MAGNETIC ACTIVITY OF THE CENTRAL

NERVOUS SYSTEM: RESEARCH AND CLINICAL
N6-29733# National Aerospace Lab., Amsterdam APPLICATIONS IN AEROSPACE MEDICINE
(Netherlands). Feb. 1988 404 p In ENGLISH and FRENCH Symposium
ACQUISITION OF GUST STATISTICS FROM AIDS-RECORDED held in Trondheim, Norway, 25-29 May 1987 Original contains
DATA color illustrations
J. B. DEJONGE, A. J. P. VANDERWEKKEN. and R. NOBACK (AGARD-CP-432; ISBN-92-835-0447-X; AO-A195265) Avail:
In AGARD, The Flight of Flexible Aircraft in Turbulence: NTIS HC A8/MF A01
State-of-the-Art in the Description and Modelling of Atmosphenc The physical and mental demands imposed on aircrew
Turbulence 14 p (SEE N88-29725 24-01) Dec. 1987 Previously operating high performance combat aircraft will be severe The
announced as N88-14586 heavy loads of information received from the aircraft sensors
(AGARD-R-734) Avail: NTIS HC A09/MF A01 must be assimilated and managed in a timely and efficient manner.

The procedures applied to reduce B-74; acceleration data from Severe physiological stresses will be imposed by the environment
greater than 100.000 flight hours to derived gust velocities are of rapid onset, high sustained G-acceleration. The purpose of this
descnbed. The results are presented and compared with other symposium was to explore the feasibility of using electrical
data sources. The validity of the assumptions made in the derivation potentials and magnetic fields of the central nervous system as
are discussed. Author objective measures of the human condition. Topics addressed

include: the computer-aided imaging of background and evoked
N88-29734# Office National d'Etudes et de Recherches brain electrical activity; magnetoencephalography; the functional
Aerospatiales, Paris (France). significance of P300, contingent negative variation (CNV), and
EXTREME GUSTS DISTRIBUTION electroencephalogram (EEG) events as indices of behavior; the
GABRIEL COUPRY In AGARD. The Flight of Flexible Aircraft in use of physiological measures for indexing in-flight and simulator
Turbulence State-of-the-Art in the Description and Modelling of mission effectiveness; and the effects of acceleration, drugs, and
Atmospheric Turbulence 9 p (SEE N88-29725 24-01) Dec. 1987 diseases on CNS activity. For individual titles, see N88-27684
In FRENCH; ENGLISH summary Original language document through N88-27721
was announced in IAA as A87-44328
(AGARD-R-734) Avail: NTIS HC Au9/MF A01

A model of extreme atmospheric turbulence is proposed based
on 5 years of commercial flight data for events with load factors
in excess of 0.5. The Pratt formula is found to lead to incoherent
atmospheric descriptions, while the Hall formula, with appropriate
choice of scale, is found to lead to a coherent turbulence 52
description which is relativeiy independent of the type of aircraft
considered. For strong turbulences, the average number of
overshoots by a nautical mile are found to decrease exponentially AEROSPACE MEDICINE
with gust amplitude. The incidences of gusts exceeding a threshold
value are found to obey a Poisson distribution whose mean Includes physiological factors; biological effects of radiation; and
decreases euponentially with amplitude, indicating that the effects of weightlessness on man and animals.
probability of the occurrence of big gusts can be represented by
Gumbel's extreme value theory. Author

N87-13932# Advisory Group for Aerospace Research and
Development, Neuilly-Sur-Seine (France). Aerospace Medical

51 Panel.
BACKACHE AND BACK DISCOMFORT
Jun. 1986 274 p In ENGLISH and FRENCH Meeting held in

LIFE SCIENCES (GENERAL) Pozzuoli, Italy. 8-10 Oct. 1985
(AGARD-CP-378; ISBN-92-835-0392-9: AD-A171226) Avail:
NTIS HO At2/MF A01

Backache and back discomfort are serious economic and
operational problems in aerospace environments. The objective of

N87-25715# Cologne Univ. (Germany. F.R.). Neurobiologiche the meeting was to bring military and civilian specialists together
Forschu.rg. to discuss ways and means of alleviating back problems in the
PHARMACOLOGICAL APPROACHES TO PERFORMANCE cockpit. The papers address both the seating posture and the
ENHANCEMENT IN ANIMALS vibrational environment as contributory factors. Other topics
0. G. SPENCER, JR., T. SCHUURMAN, U. BENZ, E. HORVATH, addressed and discussed include the conditions of the spine which
and J. TRABER In AGARD Biochemical Enhancement of predispose individuals to baskache, methods for evaluating and
Performance 11 p (SEE N87-25709 19-52) Mar. 1987 predicting back pain, educational programs for the prevention and
(AGARD-CP-415) Avail: NTIS HC A07/MF A0l treatment of recurrent beck pain, and stategies for reducing

Drug effects were studied on learning and working memory backache in current and advanced cockpit environments. For
performance in young, normal rats, as well as on reactions to individual titles see N8/-13933 through N87-13960.
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N87-13933# Liverpool Univ (England) Dept of Orthopaedc loads may also develop for other reasons as illustrated by an
and Accident Surgery example of a probable stress-related development of muscle
EPIDEMIOLOGY OF THE DRIVER'S BACK tension It is pointed out that aircraft pilots are exposed to a
J D. G TROUP In AGARD Backache and Back Discomfort 4 number of a factors which can contribute to the development of
p (SEE N87-13932 05-52) Jun. 1986 muscle tension Low-level muscle tension may therefore be an
(AGARD-CP-378) Avail NTIS HC A12/MF A01 important health problem for this profession, but this remains to

Back pain is one of the most prevalent of modern symptoms be demonstrated in more specific projects. Author

and backache which comes on after sitting is a typical complaint.
,a:,'cuiarty am:.ig drivers, But drivers' backache is not confined N87-13941# Centre d'Etudes at de Recherches de Medecine
to those who seek treatment it is common througho,,- the Aerospatiale. Paris (France)
population whether patients or non-patients. Yet both the ettology THE BIOMECHANICAL CHARACTERISTICS OF THE SPINAL
and the pathomechanism remain unknown. Symptoms are related COLUMN: BIBLIOGRA'-"C REVIEW [ANALYSE
to the time spent at the wheel thus it may be be inferred that BIBLIOGRAPHIQUE DES CARACTERISTIQUES
they arise from the concomitant postural restraints. But static BIOMECANIOUES DE LA COLONNE VERTEBRALE]
stresses in the spine arise both from the seated posture itself P QUANDIEU In AGARD Backache and Back Discomlort 28 p

and from the muscular work of driving; while dynamic stresses. (SEE N87-13932 05-52) Jun 1986 In FRENCH
including vibration, arise from the motion of the vehicle. The (AGARD-CP.378) Avail NTIS HC A12/MF A01
epidemiological studies so far have not differentiated between the In Order to improve dynamic models of the spinal column, it is
potential causative factors and few, it any, have taken account of necessary, not only to apply to the various coefficients (stiffness,
other physical activities undertaken by drivers. Author damping and mass) values which are as accurate as possible.

but to understand the mechanical behavior of the different biological
N87-13937# Israeli Air Force Aeromedical Center. Tel materials. After a diagrammatic review of the anatomy of the
Hashomer vertebral unit. a bibliographic survey of references addressing the
LOW BACK PAIN AND NARROWED DISC SPACES IN FIGHTER mechanical characteristics of the disk, the ligaments, and the
PILOTS vertebral body is presented Generaly accepted values of creep,
P FROOM. S. MARGALIOT. and M. GROSS In AGARD Backache relaxation and intranuclear compression, obtained during tests of
and Back Discomfort 4 p (SEE N87-13932 05-52) Jun 1986 flexion, extension, lateral inflexion, torsion, and disk shearing are
(AGARD-CP-378) Avail: NTIS HC At2/MF AO discussed. Parameter values for ligaments are likewise addressed

Compressive forces may play a role in the development of Data obtained by the propagation of vibrational waves within the
disc degeneration. The disc spaces were measured on lateral column are presented along with an example kinematic study
x-rays of the lumbar spine in fighter pilots with and without a M G
history of sciatica, and compared them to those of asymptomatic
transport pilots. An arbitrary cutoff point for normal was defined N87-13942# Pans V Univ (France)

and the proportion of each group with narrowed disc spaces AUTOMATIC RESEARCH ON OPTIMAL POSTURE
determined Fighter pilots with a history of sciatica had a [RECHERCHE AUTOMATIQUE DE POSTURE OPTIMALE)
significantly higher proportion of those with narrowed disc spaces A M. COBLENTZ. J. F COBLENTZ. P GUENEAU, and N
than did asymptomatic transport pilots. Fighter pilots without low BONJOUR In AGARD Backache and Back Discomfort 4 p
back pain had an intermediate proportion with narrowed disc (SEE N87-13932 05-52) Jun. 1986 In FRENCH

spaces. It is concluded that disc degeneration may be accellerated AGARD-CP-378) Avail NTIS HC A12/MF A01
by repeated G(z) forces experienced by pilots of fighter aircraft. A new perspective on conceptual ergonomics is presented

Author Specifically, an automatic method for the analysis of optimal posture
for a human model in a given environment is described Algorithms

N87-13938# Institute of Aviation Medicine. Fuerstenfeldbruck incorporating dynamic programming and artificial intelligence
(Germany. F.R.). techniques are discussed which model body position and
RELATIONSHIP BETWEEN BACKACHE AND FLYING DUTY IN articulation and an ideal reference. M G
JET- AND PROP-PILOTS DEMONSTRATED BY A FLYING
WING N87-13943# Paris V Univ. (France) Lab dAnthropologie
K BURMEISTER and W. K. THOMA In AGARD Backache and Appliquee.
Back Discomfort 16 p (SEE N87-13932 05-52) Jun. 1986 BIOSTEREOMETRIC STUDY OF THE OUTWARD CURVE OF
(AGARD-CP-378) Avail: NTIS HC A12/MF A01 THE SPINE FOR VARIOUS REFERENCE POSITIONS (ETUDE

A questionnaire assessment was performed in a collective of BVIOSTEREOMETRIQUE DE LA COURBURE EXTERNE DUE
68 jet- and prop-pilots. Approximately half of the pilots suffer from RACHIS POUR DIFFERENTES POSITIONS DE REFERENCE)
backache. A significant connection between the number of flying A. M. COBLENTZ, J. C. PINEAU, G. IGNkZI, and R MOLLARD
hours, annual flying stress and sports activities can not be In AGARD Backache and Back Discomfort 5 p (SEE N87-13932
ascertained. The duration of the sitting posture and G-loads are 05-52) Jun. 1986 In FRENCH
subjectively classified as being the highest body stress, whereas (AGARD-CP-378) Avail: NTIS HC A12/MF AOl
vibrations play a secondary role. The cold pilot's seat in winter An analysis of the outward curve of the spine was conducted
and the uncomfortable harness are objects of particular complaints starting with a survey of biostereometric data for a group of male
Concrete facts indicate that in an effort to avoid vertebral pain subjects in standing and various sitting positions. The outward
the seat must be constructed in such a manner as to avoid curvatures of the spine were determined from the following

excessive posterior pelvis tilt. 50% of the pilots questioned are of parameters: radius of the dorsal and lumbar curves, positions of
the opinion that their flying duty causes health damages. Author the centers of curves, and localization of the inflexion point.

Modifications of the shapes of outward contour were then studied
N87-13940# Institute of Work Physiology. Oslo (Norway). for various sitting positions. The results of these efforts are utilized
MUSCULO-SKELETAL ILLNESSES AMONG WORKERS for three-dimensional modeling of the human body and applied in
EXPOSED TO LOW-INTENSITY WORK LOAD OF LONG the analysis of positions in CA.O. They can likewise contribute to
DURATION a better understanding of the relations between the forms of the
R H WESTGAARD, T. JANSEN, R. BJORKLUND, and M. back in a functional posture and the constrained posture of seated
WAERSTED In AGARD Backache and Back Discomfort 9 p operators M G
(SEE N87-13932 05-52) Jun. 1986
(AGARD-CP-378) Avail. NTIS HC A12/MF A01 N87-13944# Finsen Inst. Copenhagen (Denmark)

Low-level, continuous muscle load of long duration has received INVESTIGATION OF THE LUMBAR FLEXION OF OFFICE
increasing attention as a potential source of musculo-skeletal inury. WORKERS
This paper presents evidence which indicates a quantitative A C MANDAL In AGARC Backache and Back Discomfort 10
relationship between the level of static load on shoulder muscles p (SEE N87-13932 05-52) Jun 1986
and the risk of developing muscufo-skelefal illnesses in the shoulder (AGARD-CP-378) Avail NTIS HC A 12/MF AO
and neck. Constrained working postures are probably the most Modern furniture in schools, factories and offices is constructed
frequent cause of low-level, continuous muscle load. but such in such a way that no one can use it properly Each day people
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sit for many hours hunched over their tables in postures extremely N87-13950# Uppsala Unm (Sweden) Dept of Rehabilitation
harmful to the back. A considerably better sitting posture can be medicine
obtained if the table is constructed higher an,4 it it is tilted about EVALUATION AND PREDICTION OF BACK PAIN DURING
10 deg. In this way a book or itern is brough, closer and is at a MILITARY FIELD SERVICE
better angle to the eye, The worst bending -jt the neck is thus B NORDGREN, R SCHELE. and K LINROTH In AGARD
avoided. Furthermore, the seat can, with advnntage. be tilted 20 Backache and Back Discomfort 7 p (SEE N8713932 05-52) Jun
deg forward to reduce the flexion of the lumbar region By both 1986
these means the extra 30 deg flexion, which S the most strenuous (AGARD-CP-378) Avail NTIS HC At2/MF A0t
part of the flexion, is avoided. This can be demonstrated by means Questions regarding back pan in different body positions and

of an automatic camera. To control the flexion of various parts of earlier slcklstng due to back disorders have been answered by
the body. well defined anatomical points were marked on the skin 5,093 men aged 23 to 47 (average age 37) who were about to
or on the clothes Author do military field service Fitly-three per cent reported that they

had had back pain at some time and 14 per cent stated that they
had been srck-listed for more than one month rn all due to back
trouble. A subsample was subjected to a standardized physical

examination of the back, average examination time 9 mrs. and
tie frequency and location pain, stiffness or other impairments

N87-13948# Laboratoire Central de Biologie Aerospatiale. Paris are given. Subjects who experrenced back pain during freld servce

(France). and whose mrlitary post was physically heavier than their civilian

NUMERICAL CONTROL OF A VIBRATING TANK FOR THE occupation had on an average lower isometric strength in

STUDY OF TRANSIENT SIGNALS IN BIOMECHANICS abdominal muscles as well as in back muscles than other subjects

(COMMANDE NUMERIQUE DUN POT VIBRANT POUR LETUDE The physical examination of the lumbar spine was more efficent

DES SIGNAUX TRANSITOIRES EN BIOMECANIUE) n separating subjects who experenced back pain during military

L PELLIEUX and B PIEDECOCO In AGARD Backache and field service, than information on earlier sick-listing due to back

Back Discomfort 13 p (SEE N87-13932 05-52) Jun 1986 In trouble and heaviness of the military post as compared to civilian

FRENCH occupation Author

(AGARD-CP-378) Avail: NTIS HC A12/MF AOl N87-13951# Uppsala Univ (Sweden) Dept of Rehabilitation
In order to study the propagation of mechanical shock applied Medicine.

to the spinal column of a boinstrumented prmate, a system for INDIVIDUAL PREDICTABILITY OF BACK TROUBLE IN 18-YEAR
the numerical control of the shock signal was developed. Wren OLD MEN: A PROSPECTIVE STUDY DURING MILITARY
using an implanted accelerometer it is necessary to consider, at SERVICE
the time of implantation, the temporal character of the acceleration A.L. HLLSING, NODGREN, R SCHELE. B. AHIRORG. and
selected by the expenmenter The mechanical excitation is effected L PAULSSON In AGARD Backache and Eack Discomfort 8 p
with the aid of an electrodynamic vibratiot. tank, on which is a (SEE N87-13932 05-52) Jun 1986 Submitted for publication
fixed seat for the animal. The electric signal transmitted to the (AGAR-CP-378) Avail: NTIS HC A12/MF A01
vibration tank is numencally calculated by a minicomputer The At enlistment 6.824 young men (mean age 18 yearsl answered
system calculates, through filter components, the characteristics a questionnaire concerning back trouble (BT) Out of these 999
of the vibration generating system. It also deterines the dynamic passed a standardized physical examination. A follow-up one to
characteristics of the biological structure The technique rests on four years later during the military service was done. including the
the hypothesis of lineanty and time invariance of the biological saMe physical examinaton and questionnaire The aim was to
structure. However, time ivanance is not necessary when the study the possibility for predicting RT during this time course and
time intervals are short. Likewise, because of the retroactive the correlations between the variables at enlistement and at
algonthm used, perfect linearity is not necessary The method discharge Several significant correlations were tnunO From the
and its limitations are explained and results are reported. M.G first physical examination, the pain tests (springing test, coin test)

correlated with the degree of back trouble at discharge The
questions concerning (1) absence from school or work and 12)
effect of BT on every day life before enlistement correlated with
the degree of BT a, discharge. The highest predictive value, 39%,
was shown from the answer to the second question The answer

N87-13949# Sunnybrook Medical Centre. Toronto (Ontario) to the lirst question showed a predictive value of 25% None of
PREDICTION OF LUMBAR SPINAL SEGMENT INSTABILITY BY the examination variables showed prc tictive value over 20%
CENTRODE PATTERNS Smoking more than 20 cigarettes/day showed a predictive value
S. D. GERTZBEIN, M. TILE, J. w. SELIGMAN. N. OGSTON, K H of 23% Physical data like height, weight and muscle strength
CHAN, G. KING, R HOLTBY. and J. D. RUBENSTEIN In AGARD had a predictive value of less than 20% Author
Backache and Back Discomford 9 p (SEE N87-13932 05-52)
Jun. t986 N87-13952# National Defence Medical Centre, Ottawa (Ontario)
(AGARO-CP-378) Avail: NTIS HC A12/MF A01 Physical Therapy Oiv.

The center of rotation defines motion of the lumbar spinal A REVIEW OF THE NDMC BACK CARE EDUCATION
segment; it is an indicator of spinal instability but since the motion PROGRAMME
segment does not move about a single axis, a locus of instaneous B, P WARRINGTON-KEARSLEY In AGARO Backache and Back
axes of rotation or a centrode is defined. Centrodes in normal Discomfort 12 p (SEE N87-13932 05-52) Jun 1986
cadaveric spines as well as those with degenerative disc disease (AGARD-CP-378) Avail NTIS HC At2/MF A0t
have been indentured using moire technicues as well as by The Back Care Education Program (BCEP) at the National
computer analysis of small angles of motion In this study 47 Defense Medical Center. directed to the prevention of recurrent
spines were assessed, 22 of which were evaluated with axial low back pain (LBP) is described from its development in 1978 to
loading. The normal centrode lies within the posterior half of the the present The course content is also described, and the
disc space, averaging 22 mm in 10 specimens. In the earliest vicissitudes governing the transformation of the BCEP from a
stages of degenerative disc disease the centrode lengthens 10-hour five day course conducted twice a month, to the 8 5-hour
significantly (average 116 mm). Moderate disc disease shifts the two day course, to the present 7-hour one day course Patients
centrode interiorly Axial loading did not appear to influence the wei surveyed through initial questionnaires and review
centrode lengths or position. The technique is highly sensitive questionnaires sent to them 6 months after education Results
detecting 94% of the abnormal spines as compared with only show that little demonstrable difference was found between the
25% detected by means of measuring excessive motion on 5-day and one-day courses The BCEP has proven very effective
flexion/extension radiographs This method is a highly reliable and in preventing the LBP condition from worsening, less effective in
quantifiable method of detecting early changes in spinal motion in reducing continuous pain very eflective in controlling further attacks
degenerative disc disease prior to the well recognized radiographic of LBP. The RCEP also resulted in 71 5% patients requiring no
abnormalities Author further treatment and in reducing activity limitation The BCEP
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has enabled its clientele to be more responsible lor continuing 70% of the subjects The seat design features considered
care of their backs by persuing a regime of regular exercise, activity responsible were the design of the seat cushion. inadequate lumbar
and behavior modification and postural control The BCEP has Support, routing of the shoulder harness and the angle of seat
also proved cost effective in increasing the overall effectiveness rake Since the completion of this survey, a trial of a new Gazelle
of miltary personnel in reducing the number of days lost due to seat has been carried out. The new design includes an improved
back injury Author seat cushion. inflatable lumbar support, and increased height of

the harness take ofh point from the ineria reel The results of the
N87.13957# Liverpool Univ lEnqgand) Dept of Orthopaedic initial tial are conclusive in their support for the new seat These
and Accident Surgery improvements have been incorporated into the design of the
MEASUREMENTS OF CHANGE OF STATURE IN THE Gazelle armoured seat currently under development Author
ASSESSMENT OF STATIC AND DYNAMIC SPINAL LOADING
J D G TROUP In AGARD Backache and Back Discomfort 4 N87-13960# CAE Eloctronics Ltd. Saint Laurent (Ouebec)
p (SEE N87-13932 05-52) Jun 1986 SEAT ISOLATION SYSTEM
(AGARD-CP-378) Avail NTIS HC A12/MF A01 M VANVLIET. M MCKINNON. and R V KRUK In AGARD

The height o1 the body in the erect position varies by about Backache and Back Discomfort 12 p (SEE N87-13932 05-52)
"% during tne course of the day it decreases rapidly on getting Jun. 1986
up and. depending on the pattern of work and rest. continues to (AGARD-CP-378) Avail: NTIS HC A12/MF A01
reduce during the day, but recovers overnight With conventional Sustained low-frequency vibrations in helicopters, combined with
methods of measuring stature, these changes would go poor posture imposed by control configuration, can affect the health
unrecoqnIsed Apparatus has therefore been developed allowing and performance of aircrew The attenuation of vibration is
measurement to an accuracy of at least I mm Studies have recognized as a crtical problem in the design of future helicopters.
been made of static loading. lifting. running. in different types of and new (sidearm) control configurations under development may
seating and in resting postures In general height losses are permit better posture Conventional approaches isolate a pilot with
proportional to the magnitude of lumbosacral compression In a seat suspension which attenuates the dominant (vertical) axis
addition height losses from exercise are related to the perception of vibration Such seats are typically passive, relying on a system
of the exertion involved: and the gums in height produced in of springs and dampers to attenuate the most crtical combinations
positions of rest are proportional to ratings for relaxation or comfort Of expected frequency and g tevel. The bulk of such seats often
ror ergonomist therefore the method offers a reliable means of precludes retrofitting them to existing air vehicles. Active
assessing the effects of work and recovery on the spine Authr.r shock/vibraorn isolation seats which offer advantages in terms of

attenuation and frequency response have been proposed but no
N87-13958# Royal Air Force Inst of Arition Medicine. North successful system has been developed to date Some flight
Luffenham (England) simulators employ g-seats to simulate g-forces acting on the pilot
BACKACHE IN AIRCREW in high-performance aircraft. The expertise gained in developing.
D G READER in AGARD Backache and Back Discomfort 6 p testing, and manufacturing the g-seat provides an ideal basis for
(SEE N87-13932 05-52) Jun 1986 developing an active antivibration seat The frequency range of
(AGARD-CP-378) Avail NTIS HC At2/MF A01 the g-seat includes the critical band of damaging and atliguing

Aircrew have long complained of backache. The backache is vibrations in the vertical axis. Laboratory trials have demonstrated
seldom severe. but frequently interferes wrIh flying performance that the seat can attenuate the vibration to which the pilot is
and is very distracting A survey was conducted amonoi UK alrcrew exposed Concurrently, development of a displacement multi-axrs
in 1971 which showed that aircrew suffer from bar ache twice hand controller for helicopter application is under way Successful
more frequently than groundcrew, pilots suffer more than other flight tests have been conducted with this unit configured as a
aircrew members and that election seats caused more backache side arm controller. permitting pilot to maintain an upright posture.
than other types of seats The survey also showed that half the This paper describes an approach and methodology for
aircrew never suffered from backache on the ground. The incidence development of an active antivibration seat within the context of
nf backache was high, 13% of pilots suffered or. every flight, an integrated cockpit seat/control system The intent is to achieve
22% suffered once a week while 45% suffered once a month a high level of crew safety and comfort in concert with improvedT

he backache is caused by the sitting position and design of the control performance Author
seat, which leads to loss of the lumbar curve. When the lumbar
curve is restored by means of a curved rigid pad applied to the N8?-24070# Advisory Group for Aerospace Research and
back. 50% of aircrew report that the backache is greatly improved Development. Neuilly-Sur-Seine (France) Aerospace Medical
and in 32% of cases completely resolved A scheme has been Panel
underway for some years in the UK to provide lumbar pads for SHORT COURSE ON CARDIOPULMONARY ASPECTS OF
aircrew complaining of backache The pads are simple and cheap AEROSPACE MEDICINE
to produce and are easy to use However, the major disadvantage Mar 1987 130 p Course held in Fuerstenfeldbruck, West
is that they require a mold for the individuals lumbar curve and Germany. 18-20 May 1987. in Athens. Greece, 21-23 May 1987.
then they cannot be used by other aircrew Aircraft seat designs in Copenhagen. Denmark, 9-11 Jun 1987, and in Eskisehir, Turkey.
both for election seats and helicopter crew seats now incorporate 15-17 Jun. 1987
lumbar support curves to prevent both loss of the lumbar curve (AGARD-R-758 ISBN-92-835-1544-7 AD-A18167;. Avail NTIS
and the subsequent backache in aircrews The incidence of HC A07/MF A01
backache in aircraft incorporating these new designs ,s considerably Lectures and case presentations delivered as part of a course
lower Author on the cardiopulmonaty aspects of aerospace medicine are

compiled The major thrust of the course was directed toward
M87-13959# Royal Air Force. Netheravon (England) aeromedical decision making Medical problems such as
BACK PAIN IN GAZELLE AIRCREW arrhylihmias, coronary disease, valvular disease, hypertension, and
M BRAITHWAITE In AGARD Backache and Back Discomfort bronchiopulmonary disease are addressed Diagnostic and
8 p (SEE N87-13932 05-52) Jun 1986 screening techniques are also discussed For individual titles.
(AGARD-CP-378) Avail NTIS HC A12/MF A01 see N87-24071 through N87-24079

The prevalence of backache among helicopter aircrew has long
been known to be unacceptably high he introduction of the N87-24071# Advisory Group for Aerospace Research and
Gazelle helicopter to UK service has resulled in an apparent Development, Neuilly-Sur-Seine IFrance)
increase in this prevalence This paper is based on a questionnaire AEROMEDICAL EVALUATION AND DISPOSITION OF
issued to Gazelle aircrew serving in Germany during 1981 The ELECTROCARDIOGRAPHIC ABNORMALITIES
aim was to produce numerical evidence of the prevalence of WILLIAM B. KRUYER In AGARD Short Course on
backache in Gazelle aircrew. to delineate the factors responsible Cardiopulmonary Aspects of Aerospace Medicine 8 p (SEE
in the aircraft and to make recommenidatrons for re-design The N87-24070 17-52) Mar 1987
mafor findinq, of the survey are that 82% of aircrew complained (AGARD-R-758) Avail NTIS HC AO7/MF A0l
of Gazelle related backache the taller pilots being worst affected Electrocardiographic abnormalities are discussed with regard
Flights lasting longer than are one hour gave rise to backache in to their aeromedical significance, evaluation, and disposition Sinus
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bradycardia, sinus and ve-itrcular tachycardia, atnoventricular with age-mached controls should be completed in approximately
block. axis deviation, right and left bundle branch block, ventncular 1988 Preliminary data offered in this report enumerate the most
hypotrophy, tachyarrhythmias, atrial abnormalities. and short PFt common grounding causes of mtral valve prolapse in the first
syndromes are addressed. Evaluation of the significance of these 202 aviators with prolapse in the study, A suggested scheme for
abnormatities is based on aviator cardiographic records in the clinical evaluation. aeromedical disposition of MVP and suggested
USAF Central Electrocardiographc Library. The importance of aeromedical diagnostic criteria are offered Author
natural history follow-up studies is emphan ized. M.G.

N87-24072# Advisory Group for Aerospace Research and
Development, Neuilly-Sur-Seine (France). Clinical Sciences Div.
NONINVASIVE METHODS FOR THE DETECTION OF N87-24075# Advisory Group for Aerospace Research and

CORONARY ARTERY DISEASE IN AVIATORS: A STRATIFIED Development, Neuilly-Sur-Seine (France).

BAYESIAN APPROACH PULMONARY PHYSIOLOGY AND PULMONARY FUNCTION
JAMES R HICKMAN. JR. In AGARD Short Course on TESTING IN AEROSPACE MEDICINE
Cardiopulmonary Aspects of Aerospace Medicine It p (SEE G.W. GRAY InAGARD Short Courseon Cardiopulmonary Aspects

N87-24070 17-52) Mar. 1987 of Aerospace Medicine 8 p (SEE N87-24070 17-52) Mar t987

IAGARD-R-758) Avail: NTIS fIC A07/MF AOl (AGARD-hI-758) Avail NTIS HC AO/MF A01
The detection of asymptomatic coronary disease is a major Respiratory diseases may have serious consequences in the

goal ot most aeromedical services, especially those associated aviation environment, ranging from life threatening incapacitation
with high-performance aircraft Unfortunately. the pursuit of silent (e.g., tension pneumothorax) to aggravation ot hypoxia, acceleration

coronary artery disease with contemporary noninvasive diagnostic atelectasis and perhaps lowered G tolerance in individuals with

methods has been disappointing. This lecture discusses the relatively minor degrees of small airways disease. Some concepts

npidemiological preciples which underlie this rather poor of respiratory physiulogy which are of particular relevance in the

performance of contemporary diagnostic tools in a popation where aviation environment are reviewed and current methods of

coronary artery disease is of low prevalence. The underlying pulmonary function testmig which can be applied to dotect

statistical problem is best explained by analysis of Bayes' theorem. asymptomatic disease in aircrew are discussed Author
which applies concitional p. rbability analysis to diagnostic tests
which are not perfect. The predictive power of a positive diagnostic
test is very heavily dependent upon the prevalence of the disease
in the population being testqd. Unlike sensitivity and specificity,
which are independent of disease prevalence, predictive value is N87-24076# Advisory Group for Aerospace Research and

strongly influenced by stratification of the test population into Development. Neuilly-Sur-Seine (France). Central Medical

subsets with high pretest probability of disease. Strategies to Establishment.

improve the poor performance of contemporary noninvasive tools AEROMEDICAL DI*POSITION OF PULMONARY SARCOIDOSIS,
in the testing of otherwise healthy individuals are discussed. The rHRONIC OBSTRUCTIVE LUNG DISEASE, REACTIVE AIRWAY

USAF School of Aerospace Medicine Risk Index is offered as a DISEASE AND SPONTANEOUS PNEUMOTHORAX

theoretical, but unvalidated, stratification tool M.G. DAVIO H. HULL In AGARD Short Course on Cardropulmonary
Aspects of Aerospace Medicine 5 p (SEE N87-24070 17-52) Mar.

N67-24073# Advisory Group tor Aerospace Research and 1987
Development, Neurlly-Sur-Seine (France). (AGARD-R-758( Avail: NTIS HC A07/MF A0l
VALVULAR AND CONGENITAL HEART DISEASE IN THE Four respiratory diseases ar, described in relation to aviation
AVIATOR medicinei sarcoidr'sis, chronic obstructive lung disease, reactive
V 'LLIAM B KRUYER and ROBERT S. SCHWARTZ In AGARD airway disease, and spontaneous pneurnothorax. Each is discussed
Short Course on Cardiopulmonary Aspects of Aerospace Medicine rn the context of flying safety. operational efficiency, and problems
12 p (SEE N87-24070 17-52) Mar. 1987 of treatment Guidelines are offered for decisions on management

(AGARD-R-758) Avail NTIS HC A07/MF AOl and disposal of aircrew candidates and of trained eirctew who
Many valvular and congenital heart lesions can have major have a history ot one of these diseases or who develop the

impact in the aviation environment. In the flying population, such disease during their flying career. Author
lesions are typically asymptomatic and may be subtle enough that
their presence can be detected only by very careful physical or
laboratory examination, Thus. valvular or congenital cardiac disease
is often found in a flier in whom there is a great deal of time,
effort, and monetary investment The loss of such an individual N87-24077# Advisory Group for Aerospace Research and
from flying status should thus be avoided if at all possible. As in Development, Neuilly-Sur-Seine (France).
all aeromedical decisions, these considerations must be weighed HYPERTENSION IN THE AVIATOR
against the likelihood of significant impairment while performing WILLIAM B. KRUYER In AGARD Short Course on
aviation duties resulting either directly or indirectly from the cardiac Cardiopulmonary Aspects of Aerospace Medicine 3 p (SEE
lesion of concern In light of wiese conflicting considerations, a N87-24070 17-52) Mar. 1987
discussion of regulal-ons and medical aspects of specific valvular (AGARD-R-758) AvaiL NTIS HC A07/MF AOl
and congenital problems as approached by the USAF School of Systemic hypertension is one of the most commonly
Aerospace Medicine is presented. Author encountered medical problems for both the general medical

practitioner and the specialist -n aerospace medicine its frequent
N87-24074# Advisory Group for Aerospace Research and occurr-nce. its contribution to the isk of cardiovascrlar events,
Development. Neuilly-Sur-Seine (France). Clinical Sciences Div. and problems with early detection and compliance with therapy
AEROMEDICAL ASPECTS OF MITRAL VALVE PROLAPSE all make hypertension a health problem of significant concern, It
JAMES Rt. HICKMAN, JR. in AGARD Sh-t Course on is clear from the literature that therapy for moderate and severe

Cardiopulmonary Aspects o Aerospace Me ., a y D (SEE hypertension significantly reduces morbidity and mortality. However
N187-24070 17-52) Mar 1987 much study and debate has Occurred regarding the benefit of

(AGARD-R-758) Avail NTIS HC AO7/MF A01 mild hypertension The appropriateness of therapy for mild
Mitral valve prolapse (MVP) continues to be a malor aeromedical hypertension is discussed based on a review of several malor

problem. Current issues revolve around diagnostic criteria, studies from the world literature. Detrimental effects of thiezide

aeromedical thresholds for disqualification and the lack of definitive diuretics have been reported, prompting interest in the use of
natural history studies upon which to bse aeromedical decisions smaller doses of thiazide diuretics as well as interest in the use

Currently. there are no existing natural history ste-ies of incidentally of other agents as flst line therapeutic choices Current USAF
discovered mitral valve prolapse in the asymplomatic male. The policies regarding the treatment of hypertension in aviation are
UISAF School of Aerospace Medicine is following over 300 mitral discussed as well as considerations that must be ,ddres4ed in
valve prolapse subjects on a recurrent bass in order to determine the study of new medications for use in the aviator population.
this natural history The comparison of this natural history group Author
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N87-24076# Advisory Group for Aerospace Research and NS7-25710# Royal Air Force Inst. of Aviation Medicine.
Development, Neuilly-Sur-Semne (France). Clinical Sciences Div. Farnborough (England),
CORONARY RISK FACTORS IN AEROSPACE MEDICINE ENHANCEMENT OF PERFORMANCE: OPERATIONAL
JAMES R. HICKMAN, JR. In AGARD Short Course on CONSIDERATIONS
Cardiopulmonary Aspects of Aerospace Medicine 8 p (SEE A. N. NICHOLSON In AGARD Blochemil 3..;,an"ement of
N87.24070 17-52) Mar. 1987 Performance 6 p (SEE N87-25709 19-52) Mar. 1987
(AGARD-R-758) Avail: NTIS HC A07/MF A01 (AGARD-CP-415) Avail: NTIS HC A07;MF AO

Coronary nsk factors may be used in the aeromedical setting Maintairang the effectiveness of aircrew during intensive and
to identify aviators who are at high risk for the development of sustained operations requires knowledge from many disciplines.
coronary artery disease and are, therefore, at a higher nsk for The first is that of understanding how the performance of individuals
sudden incapacitation. Coronary nsks may be used to identity those is modified by unusual patterns of work and rest and how
aviators who need addional testing in an attempt to discover deterioration in perfornance can be limited by the use of short
asymptomatic coronary disease Coronary risk factor analysts periods of sleep. The second is a detailed understanding of drugs
Should also be applied to the entire aviator population in order to and how they can be used either to preserve sleep or to maintain
identify those aviators who need routine or intensive risk factor viligance. The imtial approach. if this is possible, must be to optimize
modification. Certain ipid patterns, especially familial hyperfipidema the work pattern, but the pattern of rest can always be optimized.
patterns, may be used to identity younger trainees who do not The most effective approach at present is likely to be the use of
represent a good long-term training investment because of high short penods of sleep, probably before rather than dunng duty
risi of subsequent development of coronary artery disease periods, and to ensure restful sleep between operations by the

Author use of hypnotics. At present the role of hypnotics is much less
cirtain. Caffeine is used widely and is cleary effective. Drugs
which modify monoaminergic transmission require a much greater
understanding, both their pharmacological effects on the central
nervous system and the effects on performance, both
advantageous and adverse, before they can be considered for

N87-24079# Advisory Group for Aerospace Research and use in operations. Author

Development. Neuilly-Sur-Seine (France) N87-25711# Massachusetts Inst. of Tech.. Cambridge. Dept. of
CARDIOPULMONARY SCREENING FOR HIGH-PERFORMANCE Brain and Cognitive Sciences.
FLYING: SELECTION AND RETENTION ISSUES USE OF TYROSINE AND OTHER NUTRIENTS TO ENHANCE
G W GRAY In AGARD Short Course on Cardiopulmonary Aspects AND SUSTAIN PERFORMANCE

of Aerospace Medicine 4 p (SEE N87-24070 17-52) Mar. 1987 RICHARD J. WURTMAN In AGARD Biochemical Enhancement
(AGARD-R-758) Avail NTIS HC A07/MF A01 of Performance 4 p (SEE N87-25709 19-52) Mar. 1987

Detection methods used in the cardiopulmonary screening of (AGARD-CP-415) Avail: NTIS HC A07/MF AOl
aircrew are discussed with reference to candidate selection Administration supplemental tyrosine can increase the release
standards and retention of older expenenced pilots. Aircrew of the cate

1
'-,dimines dopamine. norepinephrine, and epinephrine

candidate screening emphasizes the diagnosis of mosti from r'-s.iologicatly-active neurons, and can thereby modify
asymfomatic diseases and disorders It is designed to identify h'.,.viors and other neuronal functions that are mediated by these
structural cardiac abnormalities and cardiac arrhythmias that may neurotransmitters. The tyrosine acts by increasing the substrate
te a problem in the high • G(z) environment Screening should saturation of the enzyme tyrosine hydroxylase; when a given neuron
also be directed toward pulmonary disorders which may is firing frequently this enzyme becomes phosphorylated and.
compromise human effectiveness in rapid onset high G (ROHG) consequently. tyrosine-dependent. The amount of tyrosine that
and high sustained G (HSG) fighter operations. In experienced enters the brain varies with the plasma tyrosine ratio, i.e., the
aircrew. screening emphasis shifts to the detection of abnormalities ratio of the plasma tyrosine concentration to the summed
which develop with age, particularly, coronary heart disease and concentrations of other large neutral amino acids that compete
small airways disease Current issues including tobacco smoking, with tyrosine for transport across the blood-brain bamer. Hence,
the effects of repetative HSG on the heart and lungs, minimal the administration of pure tyrosine is much more effective than
coronary heart disease, and coronary angioplasty are also eating proteins, which contain tyrosine: the proteins contain and
discussed M.G. delrier to the blood stream considerably larger amounts of the

other large neutral amino acids. Tyrosine administration protects
rats from the neurochemical and behavioral effects of stress; its
ability to enhance performance of stressed humans is under
exploration. Author

N87-25709# Advisory Group for Aerospace Research and N87-25712# Army Research Inst. of Environmental Medicine,
Development. Neuilly-Sur-Seine (France) Aerospace Medical Natick. MA
Panel DEVELOPMENT OF A PARADIGM TO ASSESS NUTRITIVE AND
BIOCHEMICAL ENHANCEMENT OF PERFORMANCE BIOCHEMICAL SUBSTANCES IN HUMANS: A PRELIMINARY
Mar 1987 132 p In ENGLISH and FRENCH Symposium REPORT ON THE EFFECTS OF TYROSINE UPON ALTITUDE-
held in Lisbon. Portugal. 30 Sep. - 2 Oct 1986 AND COLD-INDUCED STRESS RESPONSES
(AGARD-CP-415. ISBN-92-835.0414-3; AD-AI85128) Avail L. E. BANDERET, H. R. LIEBERMAN (Massachusetts Inst. of Tech.
NTIS HC A07/MF AOf Cambridge.), R. P. FRANCESCONI. B. L SHUKITT, R. F

In modern weapons systems, the operator is in an environment GOLDMAN. D. 0. SCHNAKENBERG, T. M. RAUCH. P. B. ROCK.
nf high information flux His ability to receive. process, and act on and G. F. MEADORS, III In AGARD Biochemical Enhancement
the informaton is finite and therefore full system effectiveness of Performance 12 p (SEE N87-25709 19-52) Mar. 1987
may never be achieved because of operator limitations. Major (AGARD-CP-415) Avail: NTIS HC A07/MF A01
advances are being made in areas dealing with regulation of Tyrosine is the precursor for the catecholamine
neuronal responsiveness This offers a number of opportunities neurofransmitters dopamine and norepinephrine. Recent
for exploring ways in which the biochemistry of neurons may be experiments have shown the behavior of animals given tyrosine is
altered, reversibly, to increase responsiveness to neurofransmitters less impaired after stressful treatments than that of animals given
and/or other agents. Human performance may be enhanced placebo. Whether yrosine administration would reduce adverse
through these alterations. The agents which initiate the change in behavioral and physiological effects in humans was investigated
neuron responsiveness may be supplied through nutrition, by two combined environmental stressors, hypoxia and cold.
pharmaceuticals, or biochemicals The use of pharmaceutical to Twenty-seven young male military volunteers were tested in a
pircnote sleep, increase vigilance, and to alter regulatory centers double-blind crossover design. The subjects were tested once with
is considered. Neurotransr iter precursors were supplied via a placebo and once with t/rosine at a control condition and at
nutritional supplemenls. For individual titles, see N87-2571 0 through two levels of multiple environmental stressors. Performance tests
N87.25722. evaluated simple and choice reaction time to visual stimuli,
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vitigance. and processing of symbolc. numerical, verbal, and spatial conpensatfery pursuit/tracking along two axes coupled with a
materials. Blood samples were analyzed for plasma tyrosine and secondary task measuring the response time of the subject to a
co isol concentrations. Performance, symptoms, and mood were visual cue. and visual pursuit tasks in a dynamic simulated-flight
adversely affected by both levels of high altitude and cold. Tyrosine environment. The effects of four drugs were assessed: the
administration appeared to minimize the adverse consequences psychotrope Medifosamine 50, the antihistamine Astemizole. the
of these stressors Tyrosine enhanced ped-. ::a - id.dced psychostimulant Debrumyl, and the vasodilator RU 24722. M.G.
subjective symptoms. Mood states were also improved. Tyrosine
had more beneficial effects at progressively more stressful altitude N87-25717# Centre d'Essais en Vol. Bretigny-sur-Orge (France).
and cold conditions. Author Lab. de Medecine Aerospatiale.

THE EFFECT OF ACETYL-DL-LEUCINE ON THE
N$7-25713# Basel Univ. (Switzerland). Dept. of Surgery Research VESTIOULO-OCCULAR RFLIE IN HUMANS (EFFET DE
Div. O.'ACETYL-DL-LEUCINE SUR LA PERFORMANCE DU REFLEXE
MULTIVARIATE AND PSYCHO-PHYSIOLOGICAL FUNCTIONS VESTIBULO-OCCULAIRE CHFZ L-HOMME)
OF DSIP A. LEGER, 0. LEJEUNE. and H. VIEILLEFOND In AGARD
GUIDO A. SCHOENENBERGER, A. ERNST. and . Biochemical Enhancement of Performance 8 p (SEE N87-25709
SCHNEIDER-HELMERT i AGARD Biochemical Enhancement 19-52) Mar. 1987 In FRENCH
of Performance 11 p (SEE N87-25709 19-52) Mar. 1987 (AGARD-CP-415) Avail: NTIS HC A07/MF A01
(AGARD-CP-415) Avail: NTIS HC A07/MF AOl The effect of the antivertiginous agent acetyl-dl-teucine on the

From 1969 to 1977 thc Delfa-Saep Iducing-Peptide (OSIP) vestibulo-occular reflex was tested. Twelve volunteers were
was isolated, characterized, and synthesized. Beside humoral sleep administered the drug or a placebo via intravenous injection and
induction, DSIP acts upon the circadian rhythmicity of the locomotor subjected to vestibular stimulation. Electro-occulography was used
activity and transmitter concentrations in the brain as well as on to record horizontal nystagmus during and alter rotations The
that of plasma proteins and cortisol levels in rats. The OSIP results demonstrate that acetyl-di-leucine, administered at
influences the prolactine levels and the circadian activity of N-Acetyl therapeutic doses, did not alter the quantitative characteristics of
Transferase. The DSIP-like immunoreactive material showed a the vestibulo-occular reflex. MG
circadian rhythmicity in breast milk during normal lactation. The
DSIP plasma concentrations also exhibit a rhythmic 24 h pattern, N87-25718# Harvard Medical School. Boston, MA. Dept of
the amplitude of which apparently depends on the magnitude of Physiology and Biophysics.
body-exercise. The DSIP in humans was found also to exert a HOMEOSTATIC, ENTRAINMENT AND PACEMAKER EFFECTS
bell shaped dose response curve exhibiting an activating effect OF DRUGS THAT REGULATE THE TIMING OF SLEEP AND
during awake states in situations conductive to sleep. Clinically WAKEFULNESS
and statistically significant effects upon sleep architecture were MARTIN C. MOORE-EDE and THOMAS A. HOUPT In AGARD
seen from 1 h through 20 h after injection; adverse effects were Biochemical Enhancement of Performance 9 p (SEE N87-25709
never observed. Single dose treatments of insomnia showed 19-52) Mar. 1987
significant normalization effects of DSIP in all sleep parameters (AGARD-CP-415) Avail: NTIS HC A07/MF AOl
as did repeated administrations in chronic insomniacs. Daytime The timing of wakefulness and sleep in humans and other
performance was found to improve after DSIP injections which at diurnal primates is influenced not only by the duration of prior
a higher dose exerted a beneficiary effect in organic insomniacs. wakefulness or prior sleep, but also by the phase of the circadian
In summary DSIP is suggested not only to be a sleep promoting timing system. In continuous, round-the-clock operations, or with
and maintaining peptide but a supramodulatory active transportation between time zones, conflicts frequently occur
psychophysiological programming substance. Author between these determinants of arousal state The predictive

circadian component favors wakefulness and sleep at phases
N87-25714# Centre d'Etudes et de Recherches de Medecine consistent with the recent history of environmental and internal
Aerospatiale, Paris (France). Div. de Neurophysiologie Appliquee. time cues. On the other hand, the reactive homeostatic component
INTRODUCTION OF A NEW STIMULANT: CRL 40476 is principally determined by the length of prior wakefulness on the
[PRESENTATION D'UN NOUVEAP. STIMULANT: LE CRL particular day in question. Investigations of pharmacological agents
404768 which influence the timing of sleep and wakefulness indicate they
C. L. MILHAUD and D P. LAGARDE In AGARD Biochemical may exert their effects directly on the neuronal/humoral
Enhancement of Performance 7 p (SEE N87-25709 19-52) Mar. mechanisms responsible for the generation of sleep, or by altering
1987 In FRENCH the phase of the circadian system. The circadian effects may
(AGARD-CP-415) Avail: NTIS HC A07/MF A0l either be achieved by influencing the interaction between

The use of stimulants constitutes one of the possible environmental light-dark cycles and circadian pacemakers.
approaches to maintaining vigilance during sustained, long-duration Examples of drugs which appear to have predominantly
operations. The efficiency and safety of the stimulant CRL 40476 homeostatic effects, pacemaker ettects, or entrainment effects

, 
arc

was evaluated using the macaque rhesus. Measurements of discussed. An appropriate strategy for the management of alert
nocturnal activity, as well as the interpretation of wakefulness at any hour of day and might must use the appropriate
electroencephalographic records provide evidence of a powerful pharmacological tools to manage circadian and homeostatic
anti-sleep effect without the disturbance of the sleep pattern. The components of wakefulness and sleep. Author
safety studies showed an absence of side effects on vegetative
and behavioral functions, particularly those typical of N87-25719# Secretariat General de Ia Defense Nationale. Paris
amphetamines, for the dosages utilized to maintain wakefulness. (France).
Operational experimentation will be able to provide a preliminary SIDE EFFECTS OF HYPNOTIC SENZODIAZEPINES ON THE
determination of effective doses and administration frequencies VIGILANCE AND EFFICIENCY OF PERSONNEL AFTER
for healthy humans. MG. AWAKENING (EFFETS RESIDUELS DES SENZODIAZEPINES

HYPNOTIOUES SUR LA VIGILANCE ET L'EFFICIENCE DES
N87-25716# Centre d'Essais en Vol, Bretigny-sur-Orge (France). PERSONNELS AU REVEILI
Lab. de medecine Aerospatiale. L. CROC and M. A. CROO tn AGARD. Biochemical
THE EVALUATION OF VIGILANCE IN STUDIES OF Enhancement of Performance 13 p (SEE N87.25709 19.52) Mar.
AERONAUTIC PHARMACOLOGY IL'EVALUATION DE LA 1987 In FRENCH
VIGILANCE OANS LES ETUDES DE PHARMACOLLGIE EN (AGARD-CP-415) Avail: NTIS HC A07/MF AOl
AERONAUTIOUE1 In order to defect and evaluate the side effects of hypnotic
J. L POIRIER and H. VIEILLEFOND /n AGARD Biochemical benzodiazepines on the vigilance and efficiency of personnel after
Enhancement of Performance 8 p (SEE N87-25709 19-52) Mar awakening, a double blind study was performed with three hypnotic
1987 In FRENCH benzodiazphines which satisify military operational requirements.
(AGARD.CP-415) Avail: NTIS HC A07/MF AO1 At four day intervals sixteen sutjects were administered one o

The design and results of various tests addressing two aspects five substances in uncertain order (placebo, Loprazolam I mg.
of vigilance, psychomotor response and memorization, are Triazolam 0.25 mg, Triazolam 0 50 mg, and Flunitrazepam 1 mg),
described. The tests included short-term memorization tasks, visual On awakening. psychometric tests were performed which
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determined the sublective state, attention, psychomotor efficiency, N87-27391# Advisory Group fr Aerospace Research and
short- and long-term memory. mathematical reasoning. Development, Neuilly-Sur-Seine (France) Technical Information
performance with complex tasks, and performance with information Panel.
overload. The results showed the existence of a psychometric AGARD GUIDE TO AEROSPACE AND DEFENCE TECHNICAL
deterioration, manifested in the final test scores, with higher REPORT SERIES IN NATO COUNTRIES
intellectual functions (reasoning, complex tasks, and information May 1987 348 p
overload) being more greatly affected than gross aptitudes (AGARD-R-743; ISBN-92-835-1549.8; AD-A182802) Avail: NTIS
(attention and memory). However, differences in noticable HC At5/MF A01
deteriorat-n were evident between subject groups and individuals A guide is presented to technical reports series relating to
and between the vanous drugs. MG. aerospace and defence research and development currently

published by governments, contractors, research laboratories or
i407-25720# Naval Health Research Center. San Diego. CA. universities in NATO member countries. The guide Uists reports
Behavioral Psychopharmacology Dept. series from Belgium, France, the Federal Republic of Germany,
SEDATING AND NONSEDATING SLEEPING AIDS IN AIR the Netherlands. Norway, the United Kingdom, the United States
OPERATION and international organizations. Information given includes a
CHERYL L. SPINWEBER In AGARD Biochemical Enhancement technical report series code, a title (where available), name and
of Performance 12 p (SEE N87-25709 19-52) Mar. 1987 adress of the organization producing the series, availability (whe e
Sponsored by the Department of the Navy known), type of organization and other helpful information provided
(AGARD-CP-415) Avail: NTIS HC A07/MF A01 by the producers. Two indexes are provided: an overall one by

Both sedating and nonsedating sleeping aids may be number; and one by number within country Author
appropriate for use in specific operational environments to promote
sleep and permit efficient utilization of rest periods. Sedating N87-30065# Britannia Airways Ltd., Luton (England).
agents, such as the benzodiazeprine triazolam, produce an IN-FLIGHT ASSESSMENT OF WORKLOAD USING PILOT
impairment window which is a period of time postadministration RATINGS AND HEART RATE
when performance and responsivity during sleep are impaired. ALAN H. ROSCOE In Advisory Group for Aerospace Research
Nonsedating agents, such as the amino acid 1-tryptophan, enhance The Practical Assessment of Pilot Workload p 78-82 (SEE
sleep but do not alter performance of responsivity at any time N87-30054 24-54) Jun. 1987
postadministration. In a held that of the use of 1-tryptophan in the (AGARD-AG-282) Avail: NTIS HC A071MF A0I
U.S. Marines airlifted from California to Okinawa. I-tryptophan At present the most used and prntoably thu most reliable
increased total sleep time the first night after arrival. This sleep methods for assessing pilot workload in flight are based on some
enhancement was associated with significantly faster reaction times form of subjective reporting by experienced test pilots. Subjectve
the next day, sparing of short-term memory from jet-lag effects, opinions are susceptible to bias and preconceived ideas and so
and more rapid recovery of reaction time over the first three days may occasionally result in false estimates of workload. For more
after arrival. Which type of agent to use in support of an air than 15 years subjective reporting at RAE Bedford has been
operation will be determined by the nature of the environments in augmented by recording their heart rates. At first pilots described
which rest periods will occur and the duration of scheduled sleep workload in a relatively unstructured manner but the need for
times. Author some form of rating scale was soon apparent. After much trial

and error, a 10 point rating scale using the concept of spare
N87-25721# School of Aerospace Medicine, Brooks AFB, TX. capacity was developed. The overall design is based on the
Aerospace Medical Div. Handling Qualities Rating Scale of Cooper and Harper. During the
FB-111A AIRCREW USE OF TEMAZEPAM DURING SURGE past 8 years a number of flight trials have used pilot ratings and
OPERATIONS heart rate responses to assess workload. The rationale for using
WILLIAM F. STORM and ROBERT C. PARKE In AGARD heart rate in assessing pilot workload is based on the concept of
Biochemical Enhancement of Performance 12 p (SEE N87-25709 neurological arousal. The technique is described and examples of
19-52) Mar. 1987 its use are given. Also listed and briefly discussed are limitations
(AGARD-CP-415) Avail: NTIS HC A07/MF A01 and pitfalls of the technique. Author

The objectives of this field study were to evaluate the
performance capabilities and sleep patterns of USAF FB-1tA N86-11366# Advisory Group for Aerospace Research and
aircrews using temazepam as a steep aid during premission crew Development. Neuilly-Sur-Seine (France). Aerospace Medical
rest. Seven 2-man aircrews participated in two data collection Panel.
periods. During each period, a crew flew a pair of extended duration SLEEP AND WAKEFULNESS: HANDBOOK FOR FLIGHT
nighttime missions, one each on consecutve nights. The mission MEDICAL OFFICERS, SECOND EDITION
on the first night was an actual FB-t1A training mission. The A. N. NICHOLSON and BARBARA M. STONE (Royal Air Force
mission the subsequent night was flown in a high-fidelity simulator. Inst. of Aviation Medicine, Farnborough. England I Jul. 1987
Crews were administered 30 mg temazepam for the daytime crew 75 p
rest interval between one pair of actual and simulated missions (AGARD-AG-270(E); AD-At86763) Avail: NTIS HC A04/MF A01
and a placebo for the crew rest between the other pair of missions. The first edition of this handbook was published in 1982. and
Sleep during daytime crew rest was of longer duration and better since then the understanding of sleep and wakefulness has
quality with temazepam than with the placebo. Twelve hours after advanced considerably. This new handbook emphasizes the
drug ingestion, aircrew performance of the simulator missions and management o aircrew a. ,d the problems they experience in coping
selected laboratory tests was similar to that with the placebo. with irregularity of rest and activity. Author

Author
N8S-12923# Advisory Group for Aerospace Research and

N87-25722# Service de Sante pour rArmee de rAir, Paris Development, Neuilly-Sur-Seine (France). Aerospace Medical
(France). Dept. de Psychiatre at Hygiene Mentale Aerospatiales. Panel.
PHOBIC MANIFESTATIONS AMONG EXPERIENCED PILOTS HUMAN RESPIRATORY RESPONSES DURING HIGH
ILES MANIFESTATIONS PHOSIGUES CHEZ LES PILOTES PERFORMANCE FLIGHT
CONFIRMES] R. M. HARDING (Institute of Aviation Medicine, Famborough,
J. R. GALLE-TESSONNEAU InAGARD Biochemical Enhancement England) Nov. 1987 93 p
of Performance 5 p (SEE N87-25709 19-52) Mar 1987 In (AGARD-AG-312; ISBN-92-835-1561-7; AD-A191601) Avail:
FRENCH NTIS HC A05/MF A0l
(AGARD-CP-415) Avail: NTIS HC A07/MF A01 The respiratory responses of experienced plots were studied

Fear-of-flight phobic responses are not uncommon among during flight in a high performance jet aircraft. Over 38 hours of
experienced pilots. The associated clinical expressions are physiological monitoring was carried out involving over 47,000
numerous and varied: psychological, somatic, or behavioral. Early breaths. The importance and elevance of information about these
therapeutic intervention of acute reaction states is often favorable, respiratory responses is reviewed, with particular emphasis on the
The prognosis is most uncertain in organized pathological difficulties of in-flight recording and the history of such
conditions and evolving chronic modes. M.G experimentation in four specific areas of respiratory physiology:
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respiratory frequency and flow, added external resistance. NSS-27687# New York Univ. Medical Center. Brain Research
hyperventilation, and the metabolic cost of flying. Author Labs.

NORMATIVE DEVELOPMENTAL EQUATIONS FOR THE EEG
AND THEIR SENSITIVITY TO NEUROLOGICAL AND

N&S-27684# New York Univ., New York. Dept. of Psychology. PSYCHIATRIC DISORDERS
STUDIES OF THE INTACT HUMAN BRAIN: IMPLICATIONS FOR E. R. JOHN and L. S. PRICHEP In AGARD, Electric and Magnetic
PERFORMANCE Activity of the Central Nervous System: Research and Clinical
LLOYD KAUFMAN In AGARD, Electric and Magnetic Activity of Applications in Aerospace Medicine 7 p (SEE N88-27683 21-51)
the Central Nervous System: Research and Clinical Applications Feb. 1988 Prepared in cooperation with Kline (Nathan S.) Inst.
in Aerospace Medicine 17 p (SEE N88-27683 21-51) Feb. 1988 for Psychiatric Research, Orangeburg, N.Y. Original contains
(AGARD-CP-432) Avail: NTiS HC A1/MF A01 color illustrations

The development and testing of multi-channel neuro- (AGARD-CP-432) Avail: NTIS HCA18/MF A0l
magnetometers are discussed in relationship to providing Although the electroencephalogram (EEG) is altered by many
information needed concerning brain activity. Also discussed is brain dysfunctions, its clinical utility is severely limited by reliance
the relationship between the number of sensing channels and the upon visual pattern recognition and subjective interpretation. The
background noise. A brief account of some of the analytical goal was to not only replace subjective judgments by objective
methods applied to neuromagnetic data is provided. B.G. quantification, but to extend the utility of electrophysiological

examinations beyond their traditional role in the detection of
NSS27685# New York Medical Colt., NY. Div. of Biological neurological disorders to the assessment of cognitive impairments
Psychiatry. and the evaluation of psychiatric patients. The initial studies were
CEEG DYNAMIC BRAIN MAPPING: A NEW METHOD TO focussed on the oroblem of learning disabilities in children. As
EVALUATE BRAIN FUNCTION IN DIFFERENT the techniques evolves, they were applied successfully to the
PSYCHOLOGICAL AND DRUG CONDITIONS assessment of pediatric neurological patients, to adult patients
TURAN M. ITIL, KURT Z. ITIL, EMIN ERALP, A. AKMAN (HZI with mild head injury, cerebrovascular disease including transient
Research Center, Tarrytown, N.Y.), and A. MANGO In AGARD, ischemic attacks, alcoholism, cognitve impairment due to senile
Electric and Magnetic Activity of the Central Nervous System: dementia, affective disorders, and psychoses. The method which
Research and Clinical Applications in Aerospace Medicine 16 p was developed for these purposes, called neurometrics, is based
(SEE N88-27683 21-51) Feb. 1988 upon the computerized extraction of a wide variety of objective
IAGARD-CP-432) Avail: NTIS HC A18/MF A01 indices of brain function as reflected in electrophysiologica activity,

The electrsiecephaogram (EEG), discovered more than half the multivariate statistical evaluation of these quantitive measures.
a century ago, is still the only non-invasive, simple and objective and the display of diagnostically significant findings in color coded
method to continuously and repetitively study brain function, and topographic maps easily interpretable by the clinician without
has recently gained new significance since quantification by extensive specialized training. Author
microprocessors was developed. Quantification of single-lead EEG
proved to be of significant value in psychotropic drug development.
Discoveries of the psychotropic properties of drugs and the
determination of bioavaiiability of CNS-active compounds validated
this method. It was demonstrated that the brain's bioelectrical
activity, even recorded in only one area of the brain, can represent
brain function and is closely associated with human behavior. A
newly-developed brain function monitoring system using multi-lead.
broad frequency spectrum Computer-analyzed Electroencephal- N88-2768# Royal Air Force Inst. of Aviation Medicine.
ogram (CEEG) with Dynamic Brain Mapping seems to be a very
promising methodology to study human behavior and to monitor Farnborough (England)
its changes due to external and internal factors. Author THE APPLICATION OF NON-STATIONARY DATA ANALYSIS

TECHNIQUES IN THE IDENTIFICATION OF CHANGES IN THE
ELECTROENCEPHALOGRAM ASSOCIATED WITH THE ONSET
OF DROWSINESS

N8-27686# EEG Systems Lab., San Francisco, GA. NICOLA A. WRIGHT. R. G. BORLAND. and AMANDA MCGOWN
FOURTH GENERATION NEUROCOGNITIVE PATTERN In AGARD, Electric and Magnetic Activity of the Central Nervous
ANALYSIS SYSTEM System: Research and Clinical Applications in Aerospace Medicine
A. S. GEVINS, N. H. MORGAN, S. L. BRESSLER, D. S. GREER, 5 p (SEE N88-27683 21-51) Feb. 1988
B. COSTALES, K. SMITH, and R. FAUCETTE In AGARD. Electric (AGARD-CP-432) Avail: NTIS HC A18/MF A01
and Magnetic Activity of the Central Nervous System: Research The electrical activity of the brain was analyzed using
and Clinical Applications in Aerospace Medicine 13 p (SEE techniques to detect the occurrence of non-stationanties associated
N88-27683 21-51) Feb. 1988 Original contains color with transitional states between alert wakefulness and sleep. Eight
illustrations minutes of resting eyes closed data were used in the analysis A
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 visual inspection was performed to classify the record into epochs

The generic term neurocognitive pattern (NOP) analysis is used of varying lengths according to the different states of arousal.
to refer to procedures being developed to extract spatiotemporal Three states were defined: alert wakefulness, drowsy sleep, and
neurocogniive patterns from the unrelated neuroelectric noise of a transitional state. Nonstationary data analysis techniques were
the brain. Recordings with up to 64 scalp channels during highly used to identify these changes automatically. The techniques used
controlled tasks are now routine in the laboratory, as is the were autoregressive modeling, in which the prediction error was
extended signal processing sequence required to extract minute used as a criterion to detect change, and evolutionary power
neurocognitive singals from gigabyte sets of single-trial data. More spectrum analysis, where a spectral ratio was defined to detect
robust measures of the degree of functional interdependency differences between short epochs of the signal. In addition, the
between electrodes were developed and applied to several pnor autocorrelation function was calculated for a limited number of
neuropsychological models of the rapidly shifting cortical network lags, and changes in the function with reference to previous epochs
accompanying expectancy, stimulus registration and feature used to identity the onset of change. These techniques were
extraction response preparation and execution, and updating to compared with methods of analysis based on a pre-defined epoch
feedback about response accuracy, These results suggest that it length, to determine the most efficient method of deiecting changes
is possible to characterize functional interdependencies of associated with the transition between alertness and drowsiness.
event-related processing between local neural areas by measunng A discriminant function was calculated for each of the three isually
the weve congruence and lag time of appropriately preprocessed classified states to define a classification rule, which was then
low-frequency brain waves. Determining the distributed functional used to allocate the segment, produced by each of the automatic
network of specialized areas of the brain producing the observed analysis techniques to one of the three states of alertness. Finally.
patterns is a formidable problem which is being attacked on a the performance of each technique was assessed in terms of its
number of fronts. Author ability to correctly classify segments of data. Author
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N-27689# National Hospital. Oslo (Norway). Lab. for Clinical of an optimal sensor configuration (for large mutlichannel systems)
Neurophysology. is presented, with particular emphasis on the capability featured
A STATISTICAL PROCEDURE FOR THE EVALUATION OF by different kinds of superconducting gradiometers to identify
PRESENCE/NON-PRESENCE OF STIMULUS-RELATED EEG complex cerebral sources, and on the need for more sophistcated
ACTIVITY model sources. Author
NILS IRGENS BACHEN In AGARD, Electric and Magnetic Activity
of the Central Nervous System: Research and Clinical Applications
in Aerospace Medicine 9 p (SEE N88-27683 21-51) Feb. 1988 N68-27692# Consiglio Nazionale delle Ricerche, Rome (Italy).
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 Istituto di Elettroiuca dello Stato Solido.

Averaging of a sufficient number of stimulus-related sample ELECTRIC AND MAGNETIC BRAIN ACTIVITY RELATED TO
functions is a commonly applied method for the demonstration of COGNITIVE PERFORMANCE
evoked activity in the electroencephalogram (EEG). However, ROBERT M. CHAPMAN, IVO MODENA, LIVID MARICI. VITTORIO
problems may arise in the visual evaluation of averaged waveforms PIZZELLA, GIAN LUCA ROMANI, CARLO SALUSTRI, JOHN W
when the signal-to-noise ratio is low, such as for instance in certain MCCRARY, and SUSAN GARNSEY (Rocl--ster Umv., N. Y.) In
cerebral disease conditions, or when the intensity of the stimuli is AGARD, Electric and Magnetic Activity of the Central Nervous
low. In such situations the question of presence or not of evoked System: Research and Clinical Applications in Aerospace Medicine
activity may be of material importance. Even experienced observers 8 p (SEE N88-27683 21-51) Feb. 1988
will find it difficult to give a reliable answer if their judgment has (Contract MH40703; H022271; EY01319)
to depend only on visual assessment of the averaged waveforms (AGARD-CP-432) Avail: NTIS HC At8/MF A01
obtained. A statistical test for the presence of evoked activity Cognitive performance and brain activity; memory storage
may be a guide to the correct decision in such cases. A statistical component in evoked potentials; connotative meaning; and
procedure based on phase value measurements of Fourier syntactic differences in words and linguistic processing were
component in the post stimulus sample functions is presented. examined. BG
The distribution of these phase values is uniform in the interval 0
to 360 degree when the EEG sample functions contain no evoked
activity. On the other hand, an aggregation of phase values in a NS-27693# Muenster Univ. (Germany, F.R.) Inst. of
certain angular region and hence a nonuniform distribution is to Experimental Audiology.
be expected if evoked activity is present. A statistical procedure NEUROMAGNETIC EVIDENCE OF PLACE MECHANISMS FOR
testing a null hypothesis assumption of uniformity may thus be FREQUENCY AND INTENSITY CODING IN THE HUMAN
applied in the evaluation of presence/nonpresence of AUDITORY CORTEX
stimulus-related activity in the critical situations. A test of the M. HOKE C. PANTEW, K LEHNERTZ, and B.

Kolmogorov-Smirnov type, Kuiper's V(sub n) test, was applied with LUETKENHOENER In AGARD, Electric and Magnetic Activity B.

satisfactory results. Author the Central Nervous System: Research and Clinical Applications

N88-27690# Dalhousie Univ., Halifax (Nova Scotia). Dept. of in Aerospace Medicine 12 p (SEE N88-27683 21-51) Feb. 1988
Ophthalmology. Sponsored by Deutsche Forschungsgemeinschaft. West Germany
DISSECTING THE VISUAL AND AUDITORY PATHWAYS BY and Heinnch-Hertz-Stifhung. West Germany
MEANS OF THE TWO-INPUT TECHNIQUE (AGARD-CP-432) Avail: NTIS HC A18/MF A01
D. REGAN and M. P. REGAN In AGARD, Electric and Magnetic The influence of two decisive parameters of the acoustic
Activity of the Central Nervous System: Research and Clinical stimulus (frequency and intensity) on the auditory evoked magnetic
Applications in Aerospace Medicine 9 p (SEE N88-27683 21-51) field in response to tone-burst stimulation was investigated in four
Feb. 1988 Sponsored by the National Sciences and Engineering normal-hearing subjects. The influence was quantified in terms of
Research Council, Canada, MRC, Canada and AFOSR, changes of the parameters of an equivalent current dipole (spatial
Washington, D.C. coordinates, direction, and strength). The frequency dependence
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 was investigated by varying the carrier frequency of the tone-burst

An evoked potential for identifying the nonlinear characteristics between 250 and 4000 Hz in octave steps with the intensity kept
of specialized sensory neural mechanisms in the human brain is constant at 60 dB HL, while the intensity dependence was
described. For example, subjects viewed a grating pattern investigated by varying the intensity of a 1000 Hz tone-burst
modulated at F(sub 1) Hz superimposed on a second grating between 30 and 80 dB HL in 10 dB steps. The parameters of an
modulated at F(sub 2) Hz. The VEP consisted of about 20 discrete equivanient current dipole (ECD) were determined such that a
frequency components, each of less than 0.004 Hz bandwidth. maximum correspondence between observed and calculated field
Most would be destroyed by conventional averaging, but could be distribution (semi-infinite volume model) was obtained. The main
measured by zoom-FTT technique that gives 25,000 resolvable results are as follows: the location of the ECD changes significantly
bins over DC-100 Hz. A mathematical treatment was developed as a function of test frequency and intensity. Especially the depth
such that the pattern of behavior among these VEP components increases with the logarithm of test frequency which proves that
fingerprints the nonlinear processing. Orientation tuning bandwidths also in humans the tonotopic organization of the cochlea is
(20 deg) and the spatial frequency tuning of a phase-independent maintained in the auditory cortex. The decrease in depth of the
visual mechanism; strong interactions between response to ECD with increasing stimulus intensity supports the hypothesis
orthogonal orientations; and a possible EP means of investigating that place mechanisms also play a role for intensity coding.
the auditory hair cell transducer characteristic are reported. Author

Author

NS8-27891# Consiglio Nazionale delta Ricerche, Rome (Italy). NS8-27894# Simon Fraser Univ., Bumaby (British Columbia).
Istituto de Eleltronica dello Stato Solido. Brain Behaviour Lab.
SQUID INSTRUMENTATION FOR NEUROMAGNETIC STUDY OF THE INTERACTION OF THALAMO-CORTICAL SYSTEMS IN THE
COMPLEX BRAIN ACTIVITY 40 HZ FOLLOWING RESPONSE
GIAN LUCA ROMANI In AGARD, Electric and Magnetic Activity H. WEINBERG, D. CHEYNE, P. BRICKETT, R. GORDON, and R
of the CeMral Nervous System: Research and Clinical Applications HARROP In AGARD, Electric and Magnetic Activity of the Central
in Aerospace Medasne 7 p (SEE N88-27683 21-51) Feb. 1988 Nervous System: Research and Clinical Applications in Aerospace
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 Medicine 6 p (SEE N88-27683 21-51) Feb. 1988

The impressive results obtained during the last few years by (AGARD-CP-432) Avail: NTIS HC A18/MF A01
applying the neuromagnetc method to the investigation of brain The study reported is an extension of the initial auditory
physiology and pathology have given an extraordinary impulse to experiments to include the study of 40 Hz vibration of glaborous
the development of large multi-sensor systems, which should skin receptors and examination of the interaction of simultaneous
permit, in a relatively near future, to simultaneously detect the (in phase) auditory and tpctile simulation. The data presented
distribution of the magnetic field over a large area of the scalp suggest that different systems are active in response to 40 Hz
and to achieve a real time functional localization of active cerebral tactile vibration and auditory stimulation, although the EEG
sources. An outline of the main instrumental problems in the choice response at the vertex remains quite similar. B.G
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NSS-27695# Simon Fraser Univ.. Burnaby (British Columbia). NSS-27619# Washington Univ.. Saint Louis, MO. Behavior
Brain Behaviour Lab. Research Lab,
A STUDY OF SOURCES IN THE HUMAN BRAIN ASSOCIATED COGNITIVE TASK DEMANDS AS REFLECTED IN
WITH STEREOPSIS PHYSIOLOGICAL MEASURES
H. WEINBERG. P. BRICKETT, A. ROBERTSON, D. CRISP. D. JOHN A. STERN and LANCE 0. BAUER (Oklahoma Univ..
CHEYNE. and R. HARROP In AGARD, Electric and Magnetic Oklahoma City.) In AGARD, Electric and Magnetic Activity of
Activity of the Central Nervous System: Research and Clinical the Central Nervous System: Research and Clinical Applications
Applications in Aerospace Medicine 6 p (SEE N88-27683 21-51) in Aerospace Medicine 11 p (SEE N88-27683 21-51) Feb. 1988
Feb. 1988 Sponsored by the Defence and Civil Inst. of (Contract F49620-83.C-0059)
Environmental Medicine, Canada (AGARD-CP-432) Avail: NTIS HC A18/MF A01
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 Three experiments are described in which cognitive demands

The purpose of the initial stage of the research was to confirm were manipulated. The task was a modified Sternberg paradigm
with myoelectrography (ME,3) the evidence for multiple stages of comprised of three task stimuli: the cue, providing information about
processing binocular information, establish what these stages are, the memory set, the memory set itself, and a test stimulus, a
and estimate location of generators. Initial experiments are member of the memory set on half the trials. Among variables
designed to compare the magnetic fields evoked by dynamic investigated were set size and nature of the stimulus material.
random-dot stereograms (DROSs) and dynamic RDCs in the same Physiological measures included EEG event-related potentials
subject to see if the OROC evoked fheld is similar to the eady (ERP) to the three stimuli (task-RSPs), ERPs to probe stimuli
component of the response to the DRDS. The continuation of (probe-ERPs), and flashes irrelevant to performance. Three
these experiments is concemed with the later component of the measures derived from the eye blink and one heart rate measure
evoked field and the nature and location of the estimated were used. Results demonstrated ERP changes related to task
sources. Author difficulty. Some involved the ERP to the memory stimulus and

some. the prove ERP. Heart rate changes, some related to
expectancy, others to task demands, were also obtained. Blink
probability, duration and timing, all reflected stimulus expectancy
and difficulty. These results suggest that work load, as well as
attention, can be evaluated using physiological measures.

Author

N88-27696"# Illinois Univ., Champaign. Dept. of Psychology.
EVENT-RELATED BRAIN POTENTIALS AS INDICES OF
MENTAL WORKLOAD AND ATrENTIONAL ALLOCATION
ARTHUR F. KRAMER, EMANUEL DONCHIN. and CHRISTOPHER
D. WICKENS In AGARD, Electric and Magnetic Activity of the
Central Nervous System: Research and Clinical Applications in
Aerospace Medicine 15 p (SEE N88-27683 21-51) Feb. 1988
Sponsored by NASA, Ames Research Center, Moffett Field, Calif.
(Contract F49620-79-C-0233)
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 CSCL 06P

Over the past decade considerable strides were made in
explicating the antecedent conditions necessary for the elicitation,
and the modulation of the amplitude and latency, of a number of
components of the event-related brain potential (ERP). The focus
of this report is on P300. The degree to which the
psychophysiological measures contribute to issues in two rea-wortd NW827702# Defence and Civil Inst. of Environmental Medfcine,
domains (communication devices for the motor impaired and the Downsview (Ontario).
assessment of mental workload of aircraft pilots) are examined. PSYCHOPHYSIOLOGICAL MEASURES OF DROWSINESS AS

Author ESTIMATORS OF MENTAL FATIGUE AND PERFORMANCE
DEGRADATION DURING SLEEP DEPRIVATION
R. A. PIGEAU. R. J. HESLEGRAVE, and R. G. ANGUS In AGARD,
Electric and Magnetic Activity of the Central Nervous System:
Research and Clinical Applications in Aerospace Medicine 16 p
(SEE N88-27683 21-51) Feb. 1988
(AGARD-CP-432) Avail: NTIS HC A18/MF Aoi

A methodology developed to measure drowsiness
N88-27697# York Univ., Downsview (Ontario). Dept. of Physical electrophysiologically as an index of chronic fatigue experienced
Education. during periods of sleep loss is described. Nine volunteers performed
THE EFFECTS OF HYPOXIA ON P300 AND REACTION TIME a continuous cognitive workload schedule with 15 minute breaks
B. FOWLER, B. KELSO, J. P. LANDOLT, and G. PORLIER (Defence occurring every 2 hours throughout a 64 hour sleep deprivation
and Civil Inst. of Environmental Medicine, Downsview, Ontario ) experiment. To measure fatigue a 4 minute eyes closed relaxation
In AGARD, Electric and Magnetic Activity of the Central Nervous period was embedded once every hour within a battery of cognitive
System: Research and Clinical Applications in Aerospace Medicine tasks. The subjects were instructed to relax with their eyes closed
7 p (SEE N88-27683 21-51) Feb. 1988 but remain awake and alert. The EEG signals collected during
(Contract DCIEM-W7711-6-9019) these periods were both visually scored and computer quantified.
(AGARD-CP-432; DCIEM-87-RR-12) Avail: NTIS HC A18/MF Two raters visually scored the signals for: time of first stage 1
A01 sleep onset. number of stage 1 sleep onsets, shortest and longest

This experiment investigated the effects of three levels of arterial time in stage 1, and total amount of state I sleep (or deepest).
oxyhemoglobn saturation (SaO2 of 75, 70, and 65 percent) on Period analysis was performed on the digitized data and a
reaction time (RT) and P300 latency and amplitude. Ten subjects drowsiness scale was developed by subtracting the amount of
responded to visually presented male or female names in an oddball theta and delta from alpha while controlling for individual differences
paradigm with accuracy controlled at a high level. Hypoxia by dividing the results by alpha minus theta minus delta activity
increased both RT and P300 latency in a dose-related manner present in the baseline. The results indicate that for individual
and thesa variables were strongly correlated. Hypoxia did not subjects drowsiness onset latencies, performance, subjective
influence P300 amplitude. The increase in P300 latency is scales, and the drowsiness index are all intercorrelated. It is
interpreted as further evidence that hypoxia allows stimulus suggested that these EEG techniques, as well as the methodology
evaluation processes and that. under the right circumstances, P300 of embedding eyes close relaxation periods, yield sensitive
could be used to index the effects of hypoxia on performance. measures for detecting differential levels of drowsiness during sleep

Author deprivation. Author
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NS8-27703# EEG Systems Lab.. San Francisco. CA. sght-handed adult male subjects were measured. Previously unseen
NEUROPHYSIOLOGICAL PATTERNS OF OPERATIONAL pre-stimulus differences between patterns associated with
FATIGUE: PRELIMINARY RESULTS subsequently accurate and inaccurate performance were revealed.
A. S. GEVINS. B. A. CUTILLO. R. M. FOWLER-WHITE, J. ILLES, A spatially specific, muti-component neural preparatory set,
S. L. BRESSLER, and J. C. MILLER (Test Group, 6520th, Edwards composed of invariant left frontal and midline precentral
AFB, Calif ) In AGPRD. Electric and Magnetic Activity of the components and hand-specific central and posterior parietal
Central Nervous System: Research and Clinical Applications in components, appear to be essential for accurate performance of
Aerospace Medicine 9 p (SEE N88-27683 21-51) Feb. 1988 certain types of difficult visuomotor tasks. When this preparatory
Sponsored by AFOSR, Washington. D.C.. School of Aerospace set is weakened, or inappropriate, subsequent performance is likely
Medicine, Brooks. AFB. Tex., National Inst. of Naurological and to be inaccurate. Author
Communicative Diseases and Strokes, Washington, D.C. and NSF.
Washington, D.C. Onginal contains color illustrations
(AGARD-CP-432) Avail: NTIS HC A18/MF A01

Impaired behavior consequent to prolonged mental work is
commonly attributed to the effects of fatigue on higher cognitive
functions rather than to changes in rote perceptuomotor or motor
functions. A deeper understanding of these effects awaits better N88-27708# Naval Biodynamics Lab.. New Orleans, LA. Impact
knowledge of the underlying neurophysiological mechanisms. Here Sciences Dept.
a modes contribution is made toward this end with a study of EVOKED POTENTIAL ANALYSIS OF IMPACT ACCELERATION
event-related. spulotemporal neuroelectric patterns of five U.S. EXPERIMENTS
Air Force test pilois performing a high-load visuomotor monitoring DAVID L. MATSON and MARC S. WEISS In AGARD. Electnc
task white alert, becomIng fatigued, and fully fatigued. The and Magnetic Activity o1 the Central Nervous System: Research
preliminary resuwts suggest that although neural systems and Clinical Applications in Aerospace Medicine 13 p (SEE
responsible for primary visual stimulus processing remain relatively N88-27683 21-51) Feb. 1988
unaffected, cortical associative areas implicated in task-specific (AGARD-CP-432) Avail: NTIS HC A18/MF A01
response inhibition are affected even during early stages of fatigue. The use of somatosensory evoked potentials (SEPs) as an
With further research, it may be possible to design on-line devices assessment tool for transient injury in rhesus macaques undergoing
for predicting transient cognitive lapses and performance impact acceleration in the -Gx direction is examined. Adult male
decrements resulting from operational fatigue. Author rhesus macsques, seated on a sled and restrained (except for

the head and neck), were accelerated at peak sled accelerations
NOt-27705# Burden Neurological Inst., Bristol (England). ranging from 95.5 to 1039.6 m/sec squared, The sled was
EVENT-RELATED AND STEADY POTENTIAL CHANGES IN THE decelerated by friction forces ranging from 0.7 to 3.0 m/see
BRAIN RELATED TO WORKLOAD DURING TRACKING squared. Somatosensory stimuli were delivered prior to, during,
W. C. MCCALLUM, R. COOPER, and P. V. POCOCK In AGARD, and after impact. Amplified SEP activity was telemetered and
Electric and Magnetic Activity of the Central Nervous System: recorded on magnetic tape. The raw SEP data were digitized and
Research and Clinical Applications in Aerospace Medicine 10 p analyzed off-line. Results for cortical SEPs are consistent with
(SEE N88-27683 21-51) Feb. 1988 Sponsored by British and extend previous analyses, suggesting a threshold for transitory
Aerospaci Inited Kingdom and the Ministry of Delence, United changes in cervical SEP latencies in macaques at peak -Gx sled
Kingdom accelerations below 550 m/sec squared. This threshold is below
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 the threshold for single impact -Gx neuropathological injury in

In two experiments event-related potentials (ERPs) and slow macaques (800 m/sec squared), and suggests a role for cortical
potential changes were recorded from normal subjects performing SEPs in establishing injury critieria for humans. Author
a visual tracking in which the level of difficulty was systematically
varied. In the second experiment a secondary discrimination task
was added to increase the level of operator load and to probe
the allocation of cerebral processing resources. The most notable
feature to emerge was a protracted slow potential shift, associated
with the primary task. The amplitude of this shift proved to be
sensitive to the difficulty manipulations such that increased difficulty N88-27709# School of Aerospace Medicine, Brooks AFE, TX.
resulted in irr.eased negativity. However, a memory task introduced EEG INDICES OF G-INDUCED LOSS OF CONSCIOUSNESS
in the early part of each trial tended progressively to decrease (G-LOC)
the amplitude of the shift as the memory demand increased. The NITA L. LEWIS, JENNIFER B. MCGOVERN. JAMES C MILLER.
ERPs to the individual points of decision and response during the DOUGLAS R. EDDY. and ESTRELLA M. FORSTER (Rothe
course of a trial were also found to be sensitive to the level of Development. San Antonio. Tex.) In AGARD. Electric and Magnetic
tnsk loading. The introduction of the secondary task resulted in a Activity of the Central Nervous System: Research and Clinical
possible further increase in the negative shift to tracking, but in Applications in Aerospace Medicine 12 p (SEE NB-27683 21-51)
reductions in the amplitude of late cognition components of the Feb. 1986
secondary task ERPs compared with their levels when this task (AGARD-CP-432) Avail: NTIS HC AI8/MF A01
was presented on its own. Author To investigate the utility of the electroencephalogram (EEG)

as an indicator of state of consciousness, human brain activity
N8-27706# EEG Systems Lab., San Francisco, CA. was recorded during exposure to rapid onset (6 G/sec)
NEUROPHYSIOLOGICAL PRECURSORS OF ACCURATE centrifugation ( + 7G). Eight healthy volunteers were given at least
VISUOMOTOR PERFORMANCE two sessions of sustained acceleration on the USAFSAM human
A. S. GEVINS, B. A. CUTILLO, S. L. BRESSLER, N. H. MORGAN. centrifuge. The sessions were conducted without G-suits and
R. M. FOWLER-WHITE. D. S. GREER. J. ILLES, J. C. DOYLE, R. subjects were instructed to relax and not attempt anti-G straining
S. TANNEHILL, and G. M. ZEITLIN In AGARD, Electric and maneuvers. Six subjects each experienced two episodes of
Magnetic Activity of the Central Nervous System: Research and G-induced loss of consciousness (G-LOC) while one subject lost
Clinical Applications in Aerospace Medicine 11 p (SEE N88-27683 consciousness once and experienced visual blackout once. One
21-51) Feb. 1988 Sponsored by AFOSR. Washington, D.C.. subject remained conscious but experienced visual grayout in both
School of Aerospace Medicine, Brooks, AFB, Tex., NSF, sessions. The EEG signals were recorded with EEG Grass gold-cup
Washington, D.C., National Inst. of Neurological Diseases and electrodes which were held in place by using gauze and collodion.
Strokes, Washington, D.C. and ONR. Washington, D.C. Original Data were digitized at 256 samples per second and transferred to
contains color illustrations a DEC PDP-1 1/55 computer for analysis. Results demonstrated a
(AGARD-CP-432) Avail: NTIS HC A18/MF A0l shift from beta to delta ac.,vity with pronounced absence of beta

Using advanced, signal processing techniques, the rapidly activity during unconsciousness. These results are in keeping with
changing, spatial mass neuroelectric patterns associated with findings in the anesthesia and aerospace medicine literature. The
preparation and execution of precise right- and left-hand finger EEG can be useful in detecting unconsciousness during
pressures in response to visual numeric stimuli in seven healthy acceleration. Author
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N88-27710# Naval Air Development Center, Warminster, PA. synthesis may be responsible for the reduced effect under the
DETECTION OF ACCELERATION (+GZ) INDUCED BLACKOUT more severe hypoxic conditions. Author
BY MATCHED-FILTERING OF VISUAL EVOKED POTENTIALS
JOHN G. NELSON, JOSEPH P. CAMMAROTA. and LEONID
HREBIEN In AGARD, Electric and Magnetic Activity of the Central
Nervous System: Research and Clinical Applications in Aerospace
Medicine 13 p (SEE N88-27683 21-51) Feb. 1988 N88-27714# Hordt Research, Development and Therapy. Rodgau
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 (Germany, F.R.).

In air-combat-maneuvering and on human centrifuges, MEASUREMENT AND CLASSIFICATION OF THE MODE OF
moderate levels of positive acceleration (+Gz), coupled with ACTION OF ANTIDEPRESSANT DRUGS
moderate rates of onset, produce visual symptoms which are ALBRECHT FRAUENDORF, DAVID JOHNSON, and LOTHAR
ordinarily progressive: decreasing visual sensitivity, dimming of DEMISCH (Johann-Wolfgang-Goethe-Univ., Frankfurt am Main.
visual field, peripheral light-loss, and central light-loss of West Germany ) In AGARD, Electric and Magnetic Activity of
consciousness. subjective visual symptoms are the most commonly the Central Nervous System: Research and Clinical Applications
used tolerance end point in acceleration research. In order to in Aerospace Medicine 9 p (SEE N88-27683 21-51) Feb. 1988
provide an objective indication of the integrity of the visual system, (AGARD-CP-432) Avail: NTIS HC A18/MF A01
a method for real-time monitoring of the steady-state visual evoked In a comparison of the chronic effects on the central nervous
potential (VEP) was developed. Using the Fast Fourier Transform system of five new generation antidepresssant, a dose-response
(FFT). a method for maximizing the signal-to-noise ratios was study was performed with 5 to 7 healthy subjects per substance.
developed: a digital, frequency domain, non-white-noise matched Following standard medical screening, intraindividual comparisons
filter, with evaluation only at the expected response peak. after one week at each of the three dosages. Two MAO-inhibitors,
Experiments on the U.S. Naval Development Center's Human a NA-reuptake inhibitor, a serotonine-reuptake inhibitor, and an
Centrifuge demonstrated that the response does progressively alpha 1/alpha 2 adrenergic receptor, and serotonine S sub 2
decrease, disappearing at black-out. Improved computer facilities (receptor-antagonist). The visual evoked potentials were recorded
have permitted evaluation of alternative methods of processing, from electrode position 0 sub z between 0 sub I and 0 sub 2.
and the effectiveness of such processing. Data from a static The brightness, contract, and color channels of the visual system
experiment using four stimulus repetition rates and two electrode were stimulated using on-off, checkerboard, and color changes
positions showed that windowing of the time record prior to FFT respectively. After digitizing, the evoked potentials were subjected
does not necessarily improve detection. Author to Fourier filtering and analyzed in the standard EEG frequency

ranges delta, theta, alpha, and beta. This improved stability and

N88-27712# Aerospace Medical Research Labs., precision of measurement without phase shifts. The latency
Wright-Patterson AFB, OH. changes of all components were measured and used to form
MOTION EVOKED VESTIBULAR POTENTIALS attenuation and activation coefficients in each range. With the
G. WILSON, R. LUCIANI, and D. RATINO (Air Force Human help of factor analysis, an activity profile of the effects of each of
Resources Lab., Williams AFB, Ariz.) In AGARD, Electric and these drugs in the CNS was plotted in three-dimensions. Both
Magnetic Activity of the Central Nervous System: Research and activation and attenuation coefficients were used to classify the
Clinical Applications in Aerospace Medicine 5 p (SEE N88-27683 effects of the antidepressants at the cortical level. Author
21-51) Feb. 1988
(AGARD-CP-432) Avail: NTIS HC A18/MF A01

Motion evoked potentials (MER) were collected from subjects
while they were rotated from side to side in a seated position.
The MERs were biphasic with major component mean latencies N8-27715# Johann-Woligang-Goethe-Univ., Frankfurt am Main
of 278 and 388 msec. It is concluded that the MERs are of brain (Germany, F.R.).
origin and not due to artifacts from the recording environment. MEASUREMENT OF ELECTRICAL ACTIVITY IN THE CNS WITH
The latencies of the waveform components of the MER suggests CORTICAL EVOKED POTENTIALS AND EEG: EFFICACY
that the MER results from the onset of the rotation stimulus. PROFILES OF DRUGS USING FACTOR ANALYSIS
Differences between the MERs reported and those of other DAVID JOHNSON, ALBRECHT FRAUENDORF (Hordt Research,
published reports may be due to the added involvement of the Development and Therapy, Rodgau, West Germany ), and KURT
saccule/utricle apparatus and the more rapid onset of the OFFENLOCH In AGARD, Electric and Magnetic Activity of the
stimulus. Author Central Nervous System: Research and Clinical Applications in

Aerospace Medicine 8 p (SEE N88-27683 21-51) Feb. 1988
NS-27713# Defence and Civil Inst. of Environmental Medicine, (AGARD-CP-432) Avail: NTIS HC A18/MF A01
Downsview (Ontario). In a series of experiments with 20 healthy, subjects per
THE EFFECT OF MILD HYPOXIA ON THE VESTIBULAR substance, the influences of a new nootropic drug and three
EVOKED RESPONSE cardiovascular agents on the CNS were measured and placebo
W. D. FRASER, N. BLACK, D. E. EASTMAN, and J. P. LANDOLT controlled. The EEG and visual cortical evoked potentials were
In AGARD. Electric and Magnetic Activity of the Central Nervous recorded from electrode position 0 sub z between 0 sub 1 and
System: Research and Clinical Applications in Aerospace Medicine 0 sub 2 according to the 10 to 20 system. Three channels of the
10 p (SEE N88-27683 21-51) Feb. 1988 visual system were selectively stimulated (contrast, brightness, and
(AGARD-CP-432) Avail: NTIS HC A18/MF AOl color using checkerboard, flash, and color change). Acute and

The effect of hypoxia on the long-term vestibular evoked chronic studies were reported. Each VEP was filtered into the
response was examined in eight sitting subjects on a small target standard EEG-frequency range. Latency chuiges of the EP were
light that rotated with the subject. Evoked responses were recorded evaluated in each range and analyzed with the Fourier technique.
during 10 minutes of rotational stimulation after breathing each The cardiovascular substances caused a significant latency
gas mixture for a minimum of 25 minutes. For intermittent clockwise increase of beta-components with apparent latencies of 80 to t00
(CW) rotation in the horizontal plane, a reproducible negative ms. This attenuation was shown in the contrast and even stronger
potential developed at electrode sites located between the vertex in the color channel of the visual system. For the nootropic
and the linked ears during air breathing conditions. It peaked close substance, a significant latency decrease was found for three
to the point of maximum velocity of the sinusoidal stimulus. The components of the visual evoked potential in the theta-range. Their
results indicate that the cortical processing of vestibular sensations latencies are from 170 to 360 ms The results of the EEG analysis
may be affected even under very mildly phyoxic conditions. Animal are compared to the EP results. Generalized changes for groups
studies have indicated that the levels of hypoxia used in this of substances and highly specific profiles of activity for individual
study can significantly alter neurotransmitter metabolism in brain substances may be measure4 using this set of stimulus and analysis
tissue. Modification in neurotransmitter synthesis and concentration techniques. Activation and attenuation of activity for one and the
by the hypoxic conditions may explain the susceptibility of cortical same substances also were measured indicating multiple modes
processing of sensory information to very mild hypoxia, of actions. This may reflect cognitive processes and sensomotor
Compensatory changes in cerebral blood flow and neurotransmitter activity. Author
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N88-27716# Centre d'Etudes et de Recherches de Medecine N88-27720# Royal Air Force. Wroughton (England). Neurology
Aerospatiale, Pans (France). Div. de Neurophysiologie Appliquee. Dept.
AN APPROACH TO STUDYING THE EFFECTS OF DETECTION OF LATENT EPILEPSY IN AIRCREW
PSYCHOSTIMULANTS ON CEREBRAL ELECTRICAL ACTIVITY CANDIDATES
IN THE NON-HUMAN PRIMATE [UNE APPROCHE DES EFFETS R. T G. MERRY In AGARD, Electric and Magnetic Activity of
DE PSYCHOSTIMULANTS SUR L'ACTIVITE ELECTRIQUE the Central Nervous System: Research and Clinical Applications
CEREBRALE CHEZ LE PRIMATE NON HUMAIN] in Aerospace Medicine 3 p (SEE N88-27683 21-51) Feb. 1988
D. LAGARDE and C. MILHAUD In AGARD. Electric and Magnetic (AGARD-CP-432) Avail: NTIS HC A18/MF A01
Activity of the Central Nervous System: Research and Clinical Epilepsy is a common medical disorder, with a prevalence of
Applications in Aerospace Medicine 11 p (SEE N88-27683 21-51) 0.5 to 0.8 percent, and is the commonest cause of accidents due
Feb. 1988 In FRENCH to medical incapacity in drivers. Although imperfect, the
(AGARD-CP-432) Avail: NTIS HC A18/MF A0l electroencephalogram (EEG) is useful in the detection of a latent

The effects of three psychostimulant substances on brain predisposition to epilepsy, and is recommended as an obligatory
electrical activity in the rhesus monkey were studied. The prime part of the initial medical examination of candidates for military
objective of these experiments was to obtain a data base of EEG aircrew. Author
properties and the changes caused by well-known psychostimulants
at different dosages, and compare them to the EEG modifications N8B-27721# Oficinas Gerais de Material Aeronautico. Alverca
induced by experimental psychotropic drugs. The power spectral (Portugal).
density was used to analyze EEG data into different frequency THE AUDITORY EVOKED RESPONSE IN MILITARY PILOTS
bands for caffeine, d-amphetamine sulfate, and the experimental NUNO A. A. CASTELOBRANCO, JOSE H. MARVAO, M. SALOME
drug CRL 40476. In general, the results showed that caffeine CASTELOBRANCO, and ANTONIO J. ENTRUDO (Portugal Air
caused a significant increase in delta activity, some decrease in Force Hospital.) In AGARD, Electric and Magnetic Activity of the
the theta and alpha bands, and variable decreases in the beta Central Nervous System: Research and Clinical Applications in
band. Amphetamine produced an increase in delta and alpha Aerospace Medicine 8 p (SEE N88-27683 21-51) Feb. 1988
activities, relative stability with signs towards an increase in theta (AGARD-CP-432) Avail: NTIS HC A18/MF A0l
activity, and a clear decrease in beta activity. The CRL 40476 This study relates to the effect of G forces, through an aerobetic
caused important increases in delta activity, no changes in theta flight profile without G suit protection, upon twenty military pilots
and alpha activity, and some decrease in the level of beta with varying flight experience. The auditory evoked response during
activity. Author rest showed significant differences in wave 5 and in the 1 to 5

interval. Immediately following the flight, differences were observed
in wave 3. These results suggest the importance which this
electrophysiologica method may have on measuring accumulated
fatigue. Immediate fatigue implies complex mathematical problems
presently under study. Simultaneously, hemorrheologic, hormonal

N1-27717# Italian Air Force Aerospace Medical Center, Rome. and biochemical studies were conducted for a better understanding
Neuropsychophysiology Group. of the physiological effects of fatigue. Though it is recognized
SPONTANEOUS CEREBRAL ELECTRICAL ACTIVITY DURING that the test population is relatively small (20 pilots), an expanded
PROLONGED HYPOGLYCEMIA: A QUANTITATIVE STUDY IN study is underway in order to compile more conclusive data.
HUMANS Author
SILVIO PORCU, ROBERTO BERTI, and ALBERTO LALA In
AGARD, Electric and Magnetic Activity of the Central Nervous N89-12171# Advisory Group for Aerospace Research and
System: Research and Clinical Applications in Aerospace Medicine Development, Neuilly-Sur-Seine (France). Aerospace Medical
12 p (SEE N88-27683 21-51) Feb. 1988 Panel.
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 MOTION CUES IN FLIGHT SIMULATION AND SIMULATOR

The importance of neuroglycopenia secondary to hypoglycemia INDUCED SICKNESS
as a possible cause or contributing factor in aircraft accidents Jun. 1988 196 p In ENGI ISH .id FRENCH Symposium
was stressed. The study was designed to investigate the held in Brussels Pcgo.uin 29 Sep. - 1 Oct. 1987
neurophysiological correlations of neuroglycopenia. The generation (AGARD-iJP-433; ISBN-92-835-0466-6; AD-A202492) Avail:
of spontaneous cerebral electrical activity in healthy voting aduits NTIS HC A09/MF A01
is quantified in a computer-assisted 4hJdy. with subjects placed These proceedings include seventeen papers, ensuing
under fixed hypolycer'lic . ,nditions. Author discussions of the papers, and a Round Table Discussion from

the Symposium sponsored by the AGARD Aerospace Medical Panel
held in Brussels, Belgium. The frequency of reports of undesirable
effects associated with simulator training has increased as simulator
usage has increased to offset the higher costs and risks of
conducting training in the complex modern aircraft. Review of

N88-27718# Dalhousie Univ., Halifax (Nova Scotia). Dept. of current and anticipated future trends in simulator design features
Ophthalmology. suggests that additional problems will arise if research on the
RELATION BETWEEN VEP AND VISUAL FUNCTION IN etiology of simulator-induced motion sickness and other unwanted
LESIONS OF THE OPTIC NERVE AND VISUAL PATHWAY simulator effects is insufficient to counteract problems before they
D. REGAN and D. NEIMS In AGARD, Electric and Magnetic arise. The objective of this Symposium was to examine
Activity of the Central Nervous System: Research and Clinical simulator-induced effects, their operational implications, and their
Applications in Aerospace Medicine 8 p (SEE N88-27683 21-51) etiology in order to develop ideas for reducing undesired effects.
Feb. 1988 Sponsored in part by Medical Research Council of For individual titles, see N89-12172 through N89-12188.
Canada, Multiple Sclerosis Society of Canada, Baker Trust of
Canada and NIH, Bethesda, Md. N89-12172# Essex Corp., Orlando, FL.
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 ETIOLOGICAL SIGNIFICANCE OF EQUIPMENT FEATURES AND

Several authors have claimed that visual evoked potential (VEP) PILOT HISTORY IN SIMULATOR SICKNESS
abnormality is net closely related to sensory visual loss in patients R. S. KENNEDY, K. S. BERBAUM, G. 0. ALLGOOD, N. E. LANE,
with multiple sclerosis. However, all of the studies assessed sensory M. G. LILIENTHAL (Naval Training Systems Center, Orlando, Fla.).
visual loss entirely in terms of Snellen visual acuity. Recent findings and D. R. BALTZLEY In AGARD, Motion Cues in Flight Simulation
indicate the possibility that this lack of correlation between VEPs and Simulator Induced Sickness 22 p (SEE N89-12171 03-52)
and sensory data might be due, at least in part, to the inability of Jun. 1988
Snellen's test to detect the full range of visual losses associated (AGARD-CP-433) Avail: NTIS HC A09/MF A01
with visual pathway dysfunction. Before discussing abnormalities The U.S. Navy has conducted a survey in 10 flight trainers
of pattern VEPs in patients with demyelinating diseases, the where motion experience questionnaires and performance tests
reasons why the Snellen acuity provides only an incomplete test were administered to pilots before and after 1200 separate
of visual function loss are explained. Author exposures. From these measures on pilots. several findings
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emerged: (1) specific histories of motion sickness were predictive N80-12175# Laboratoire de Medecine Aerospatiale,
of simulator sickness symptomalology; (2) postural equilibrium was Bretgny-sur-Olrge (France). Centre d'Essas en Vol.
degraded after hops in some simulators; (2) self-reports of motion HORIZONTAL STUDY OF THE INCIDENCE OF SIMULATOR
sickness symptomatology revealed three malor symptom clusters; INDUCED SICKNESS AMONG FRENCH AIR FORCE PILOTS
gastrointestinal. visual, and vestibular; (3) certain pilot experiences [ETUDE HORIZONTALE DE L'INCIDENCE DU MAL DES
in simutators and aircraft were related to severity of symptoms SIMULATEURS GANS LES FORCES AERIENNES
experienced; (4) simulator sickness incidences varied from 10 to FRANCAISESI
60 percent; (4) substantial perceptual adaptation occurs over a A. LEGER, P. SANDOR, and R. P. DELAHAYE (Service de Santa
series of hops; (6) in two moving-base flight trainers motion pour I'Armee de ['Air, Paris, France ) In AGARD. Motion Cues in
sickness incidence appeared to be related to the amount of Flight Simulation and Simulator Induced Sickness 7 p (SEE
acceleration (energy) experienced in frequency ranges around 0.2 N89-12171 03-52) Jun. 1988 In FRENCH; ENGLISH summary
Hz. The findings are discussed in the context of sensory conflict (AGARD-CP-433) Avail: NTIS HC A09/MF A01
theory and recommendations are made for simulator design criteria. Reports of simulator sickness obtained from pilots in the Air
Suggestions are made as to how to relate simulator and equipment Force of France are summarized. Of 164 pilots responding, 153
configuration to the separate symptom clusters as an aid to the responses were judged suitable for general descripive analysis.
diagnosis of specific problems within particular simulators. It is and 132 were retained for detailed analysis. In contrast to other
believed that this holds promise in diagnosing simulator equipment studies in which on-site investigators evaluated effects induced by
problems (e.g. alignment, inertial motion profile, cue asynchrony) specific simulators, questionnaires were used to obtain information
since different symptom clusters may be related to different on the past simulator experience of pilots (and motion sickness in
equipment features. Author general) from different units of the French Air Force. Thus, the

results are based on questionnaires answered anonymously relating
to past experience in different simulators over a number of years.
Sixty-seven percent of those responding had experienced
simulator-induced sickness to some degree, but the majority of
effects elicited were moderate and decreased rapidly after several

NSS-12173# National Aerospace Lab., Amsterdam sessions. Aftereffects were absent in 51 percent, insignificant in
(Netherlands). 34.8 percent, moderate in 9.8 percent, and severe in 3.8 percent
TECHNOLOGY INVOLVED IN THE SIMULATION OF MOTION of the responding subjects. In contrast with an earlier study.
CUES: THE CURRENT TREND statistically significant relationship between simulator sickness and
H. A. MOOIJ In AGARD, Motion Cues in Flight Simulation and motion sickness in general (indicated by scores from a motion
Simulator Induced Sickness 15 p (SEE N89-12171 03-52) Jun. sickness questionnaire) was not found. Author
1988
(AGARD-CP-433) Avail: NTIS HC A09/MF A01 N89-12176# Defence and Civil Inst. of Environmental Medicine,

The subject of motion cue generation is a topic that requires Downsview (Ontario).
serious attention from all involved in the design, development and SIMULATOR INDUCED SICKNESS AMONG HERCULES
manufacture of flight simulators. The enhanced realism in the AIRCREW
depiction of terrain, sky, and other aircraft available in current L. E. MAGEE, L. KANTOR. and D. M. C. SWEENEY In AGARD.
visual systems has been associated with an increasing number of Motion Cues in Flight Simulation and Simulator Induced Sickness
instances of simulator sickness. This form of sickness is the 8 p (SEE N89-12171 03-52) Jun. 1988
constellation of symptoms which may be experienced by pilots as (AGARD-CP-433) Avail: NTIS HC A09/MF A01
a result of flying a simulator. As one of the introductory papers of The purposes of this study were to investigate the incidence,
the AGARD Aerospace Medical Symposium on Motion cues in severity and time-course of simulator sickness among pilots and
flight simulation and simulator induced sickness this paper presents flight engineers training on a C-130H (Hercules) flight simulator.
observations concerning the current trend in visual and motion and to assess the influence of flight experience on susceptibility.
systems. After an introduction of basic cuing methodology in flight Evidence of simulator sickness was collected by questionnaire,
simulation, the overview concentrates on developments in image tests of balance, and observation. The questionnaires were
generation, image display, platform motion cue generation and completed at the conclusion of a four-hour training session and
motion hardware mechanisms. The paper concludes with some 20 hours later. The balance tests were performed immediately
observations concerning the importance of maintenance and prior to and immediately following the training session, Overt signs
calibration of flight simulator installations. Author of pallor, sweating, drowsiness and visual nystagmus were also

recorded at these times. Thirty-five of the 42 aircrew (i.e, 83
percent) tested reported characteristic symptoms of simulator
sickness. The most prevalent were eyestrain, menial and physical
fatigue, and after-sensations of motion. Some effects persisted
following simulator training for many hours although most were

N89-12174# Royal Air Force Inst. of Aviation Medicine, not severe. Few had delayed onset. Although eleven subjects (26
Famborough (England). percent) reported loss of balance at the end of the training session.
AETIOLOGICAL FACTORS IN SIMULATOR SICKNESS performance on the balance tests improved; this suggests a
A. J BENSON In AGARD, Motion Cues in Flight Simulation and practice effect which masks ataxia. With the exception of occasional
Simulator Induced Sickness 8 p (SEE N89-12171 03-52) Jun. nystagmus. no overt signs of simulator sickness were evident
1988 The relationships between aircraft experience, both general and
(AGARD-CP-433) Avail: NTIS HC A09/MF A01 type-specific, and diagnostic scores based on symptoms were

The clinical features of simulator sickness are similar to the examined. There was no evidence to indicate that experience
malaise induced by other motion stimuli. The essential etiology of influenced susceptibility to simulator sickness. Author
the condition is considered to be the same as in other types of
motion sickness, namely, the mismatch between the motion N89-12177# Royal Air Force Inst. of Aviation Medicine.
information provided by the body's sense organs and the brain's Farnborough (England).
internal model of expected motion cues. The mismatch can be SIMULATOR SICKNESS IN THE ROYAL AIR FORCE: A
between concomitant inputs provided by the angular and linear SURVEY
acceleration transducers of the vestibular apparatus, or between J. W. CHAPPELOW In AGARD. Motion Cues in Flight Simulation
visual aid vestibular inputs. More signiticantly, in a fixed base and Simulator Induced Sickness 11 p (SEE N89-12171 03-52)
simulator it is the absence of expected inertial cues when the Jun. 1988
ambient visual system is stimulated by the external world, visual (AGARD-CP-433) Avail: NTIS HC A09/MF A01
display that engenders neural mismatch. Even when the simulator A questionnaire survey was undertaken of pilots with experience
has a motion base, quentitive and temporal disparities between of two air combat simulators. Two hundred and seventy one
visual and inertial cues commonly occur and can contribute, along respondents completed quistionnaires, some up to two years
with visual distortions and other anomalies, to the induction of the retrospectively and others immediately after a simulator session,
motion sickness syndrome. Author There were. thus, tour separate studies. The questionnaires sought
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information on the incidence of disaquilibrium and other symptoms simulator motion. The scenarios ware chosen to reflect the flight
experienced in the simulator and after leaving At The proportion maneuvers that these pilots might expect to be given during a
of those suffering at least one symptom in the simulator varied routine pilot proficiency check. Pilot performance and subjective
between 50 prcet and more than 90 percent across studies rating of simulator ficlt was relatively insensitive to the motion
(53.5 percent overall). However, not all the symptoms reported condition, despite large differences in the amplitude of motion
were unequivocally ascribable to disequilibrium. The proportion of provided. This lack of sensity may be explained by means of
each sample reporting delayed symptoms was between 10 percent the vestibular models, which predict little difference in the modeled
and 50 percent (13 percent overall). The effect on the respondents' motion sensations of the pilots when different motion conditions
motivation to use the simulator was negligible. Author are imposed. Author

NS9-12178# Army Aeromedical Research Lab., Fort Rucker, NS9-12160# German Army Hospital, Ulm (Germany, F.R.). Abt.
AL. Neurologie and Psychiatria.
SIMULATOR SICKNESS IN US ARMY AND NAVY FIXED- AND MOTION CUES IN EVERY DAY LIFE
ROTARY-WING FUGHT SIMULATORS J. KRIEBEL, A. KORNHUBER, and M. LANG (Ulm Univ., West
DANIEL W. GOWER, JR., MICHAEL G. LILIENTHAL, ROBERT S. Germany ) In AGARD, Motion Cues in Flight Simulation and
KENNEDY, and JENNIFER E. FOWLKES (Essex Corp., Orlando. Simulator Induced Sickness 8 p (SEE N89-1217t 03-52) Jun.
Fla.) In AGARD, Motion Cues in Flight Simulation and Simulator 1988
Induced Sickness 20 p (SEE N89-12171 03-52) Jun. 1988 (AGARD-CP-433) Avail: NTIS HC A09/MF A01
(AGARD-CP-433) Avail: NTIS HC A09/MF A01 Motion cues are perceived via different sensory modalities.

As technology has been developed to provide improved visual Convergence of teleceptive and proprioceptive sensory information
and motion systems in operational flight trainers and weapons is a prerequisite of task-related senseful motor reaction. Research
tactics trainers, there have been increasing reports of the with event-related brain potentials (ERP) delivers important
occurrence of simulator sickness. Simulator sickness here refers functional and topographical information of these complex
to one or more symptoms which can occur while in a simulator, interactions. From ERP data the function of the frontomesia
immediately after exposure, or at some later time. Flight instructors supplementary motor area (SMA) could be analyzed. Their
have complained these symptoms interfere with simulator usage. important role in timing sequential tasks and connecting the sensory
More critical is the potential for in-flight problems due to prolonged and motor system is demonstrated. Sensory dysfunctions might
physiological effects. As a result, flight activities after simulator irritate the onset and sequence of task related motor reactions.
flight have been limited in some commands. The U.S. Army Vestibular evoked cerebral potentials are chosen to demonstrate
Aeromedical Research Laboratory at Fort Rucker, Alabama, and the restrictions of the interpretion of the ERP results. From steady
the Naval Training Systems Center at Orlando. Florida, conducted state evoked and transient evoked potentials further knowledge
field surveys to document the extent of the simulator sickness can be expected. Author
problems at operational fixed and rotary-wing simulator sites. Data
are pooled from 10 different Navy flight simulators and the Army's N89-12181# Virginia Polytechnic Inst. and State Univ., Blacksburg.
AH-64 flight simulator. The total number of surveys is about 150o, Dept. of Industrial Engineering and Operations Research.
with the number of subjects in each simulator type ranging from MANIFESTATION OF VISUAL/VESTIBULAR DISRUPTION IN
18 to 280. The simulator sickness incidence rates and the relative SIMULATORS. SEVERITY AND EMPIRICAL MEASUREMENT OF
frequency of specific symptoms are presented and correlational SYMPTOMATOLOGY
factors such as flight experience, simulator experience, and flight JOHN G. CASALI and LAWRENCE H. FRANK (Pacific Missile
mode also are presented. Difficulties in assessing the du ilion of Test Center, Point Mugu, Calif.) In AGARD, Motion Cues in
simulator sickness effects are noted, and attempts made to present Flight Simulation and Simulator Induced Sickness t 8 p (SEE
the symptom duration for the Army's AH-64 combat mission N89-12171 03-52) Jun. 1988
simulator (CMS). Unique to this CMS is its use of the helmet (AGARD-CP-433) Avail: NTIS HC A09/MF A01
display unit (HOU) in conjunction with the other visuals in the Reported incidence rated of vehicular simulator induced
simulator. Author sickness in operators is highly variable both within and between

devices. Recent literature reviews show that documented incidence
N9-12179 # National Aeronautics and Space Administration. rates range from 0 to nearly 90 percent in flight devices and
Ames Research Center, Moffett Field, CA. even higher in some driving devices. However, the severity of the
THE USE OF VESTIBULAR MODELS FOR DESIGN AND simulator sickness problem is not adequately gauged by a simple
EVALUATION OF FLIGHT SIMULATOR MOTION count of those operators experiencing one or more physiologic
STEVEN R. BUSSOLARI, LAURENCE R. YOUNG (Massachusetts symptoms. Instead, a battery of metrics is useful in identifying
Inst. of Tech., Cambridge.), and ALFRED T. LEE In AGARD, and property assessing an induced state of simulator sickness.
Motion Cues in Flight Simulabon and Simulator Induced Sickness This is of particular importance with the recent thrust in empirical
11 p (SEE N89-12171 03-52) Jun. 1988 research toward determination of the effects of simulator design
(Contract NAG2-12) parameters, such as control loop delays, on operator sickness
(AGARD-CP-433) Avail: NTIS HC A09/MF A01 and performance. This paper reviews the symptumatology

Quantitative models for the dynamics of the human vestibular experienced by operators of flight and driving simulators. Drawing
system are applied to the design and evaluation of flight simulator upon this review, dependent measures are recommended for use
platform motion. An optimal simulator motion control algorithm is in simulator-sickness research, including self-report forms, specific
generated to minimize the vector difference between perceived physiologic indices, postural equilibrium tests, performance tests,
spatial orientation estimated in flight and in simulation. The motion and susceptibility prediction instruments. A tabular documentation
controller has been implemented on the Vertical Motion Simulator of published research studies concerning simulator sickness is
at NASA Ames Research Center and evaluated experimentally also provided. Author
through measurement of pilot performance and subjective rating
during VTOL aircraft simulation. In general, pilot performance in a N89-12182# Pacific Missile Test Center, Point Mugu, CA.
longitudinal tracking task (formation flight) did not appear to be MODELLING OPERATOR CONTROL PERFORMANCE AND
sensitive to variations in platform motion condition as long as WELL-BEING AS A FUNCTION OF SIMULATOR VISUAL AND
motion was present. However, pilot assessment of motion fidelity MOTION SYSTEM TRANSPORT DELAYS
by means of a rating scale designed for this purpose, were sensitive LAWRENCE H. FRANK and JOHN G. CASALI (Virginia Polytechnic
to motion controller design. Platform motion generated with the Inst. and State Univ., Blacksburg.) In AGARD. Motion Cues in
optimal motion controller was found to be generally equivalent to Flight Simulation and Simulator Induced Sickness 7 p (SEE
that generated by conventional linear crosafeed washout. The N89-12171 03-52) Jun. 1988
vestibular models are used to evaluate the motion fidelity of (AGARD-CP-433) Avail: NTIS HC A09/MF A01
transport category aircraft (Boeing 727) simulation in a pilot The role of visual-motion coupling delays and cueing order
performance and simulator acceptability study at the Man-Vehicle on operator performance and uneasiness was assessed in driving
Systems Research Facility at NASA Ames Research Center. simulators by means of a response surface methodology
Eighteen airline pilots, currently flying 1-727, were given a series central-composite design. The most salient finding of the study
of flight scenarios in the simulator under various conditions of was that visual delay appears to be more disruptive to an
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individual's control performance and well-being than is motion N19-1215# York Univ. (Ontario). Human Performance Lab.

delay. Empirical muliple regression models were derived to predict INFLUENCE OF VECTION AXIS AND BODY POSTURE ON
10 reliable measures of simulator operator driving performance VISUALLY-INDUCED SELF-ROTATION AND TILT

and comfort. Principal components analysis on these 10 models I. P. HOWARD. B. CHEUNG, and J. LANDOLT (Oefence and Civ1I

decomposed the dependent measures into two significant models Inst. of Environmental Medicine, Downsview, Ontario) In AGARD.

which were labeled vestibular disruption and degraded Motion Cues in Flight Simulation and Simulator Induced Sickness

performance. Examination of the empirical models revealed that, a p (SEE N89-12171 03-52) Jun. 1988
for asynchronous delay conditions, better performance and (AGARD-CP-433) Avail: NTIS HC A09/MF A01
well-being were achieved when the visual system led the motion Yaw vection is induced by a scene rotating about spinal axis
system. A secondary analysis of the role of subject gender and (z axis), pitch vection by a scene rotating about an axis in the

perceptual style on susceptibility to simulator sickness revealed mid-frontal plane (y axis) and roll vection by a scene rotating

that neither of these independent variables was a significant source about an axis parallel to the line of sight (x axis). Each of these

of vanance. Author axes can be vertical or horizontal, making six conditions in all. of
which only four have been studied previously. We studied vection
and illusory body tilt under all six conditions, with a full rotating

field, reduced somesthetic cues and in a situation in which body
N89-12183# Centre dle Medecine Aerospatiale, Brussels rotation could occur. Yaw vection around a vertical axis was
N CtdMdnA aeBu strongest. Forward pitch vection was stronger than backward pitch(Bfelgium).

AN INVESTIGATION OF SIMULATOR SICKNESS AND AN vecon. Contrary to previous reports, for most subjects backward
ELECTRONYSTAGMOGRAPHIC STUDY [ENQUETE SUR LE illusory tilt was much stronger than forward illusory tilt. Two subjects

MAL DES SIMULATEURS DE VOL COUPLEE A UNE ETUDE experienced 360 deg body rotation in the horizontal-pitch condition

NYSTAGMORGRAPHIIIUEI The direction of Ditch axis asymmetry was found to be consistent

G. DEOEYN, P. DEGRAFF. and P. VANDENBOSCH In AGARl and not related to the asymmetry of vertical optokinetic

Motion Cues in Flight Simulation and Simulator Induced Sickness nystagmus. Author

5 p (SEE N89-12171 03-52) Jun. 1988 In FRENCH: ENGLISH
summary
(AGARD-CP-433) Avail: NTIS HC A09/MF A01

Simulator sickness, which is related to travel sickenss, is a
product of high technology, safety requirements and budgetary N89-12186# York Univ (Ontario). Human Performance Lab
limitations. This new pathology affects experienced pilots and is VECTION AND THE SPATIAL DISPOSITION OF COMPETING
the result of conflicting sensations, experienced .n an unfamiliar MOVING DISPLAYS
environment, We conducted a survey of a Belgian Air Force fighter 1 P HOWARD, M. OHMI, W SIMPSON. and J P LANDOLT
squadron in order to evaluate the frequency of simulator sickness (Defence and Civil Inst of Environmental Medicine. Downsvew,
and the symptoms experienced. Ten percent of the pilots Ontario I In AGARD. Motion Cues in Flight Simulation and
questioned regularly experienced simulator sickness and twenty-five Simulator Induced Sickness 8 p (SEE N89-12171 03-52) Jun
percent felt it occasionally in varying degrees, We also attempted 1988
to obiectiy the problems of vertigo and disorientation by means (Contract DCIEM-9771t-4-7936/8SE84-00 t0)
of an electronystagmographic study of 12 pilots during their training (AGARD-CP-433) Avail NTIS HC A09/MF A01
on a flight simulator. We were surprised by the poor ocular response In Experiment I we investigated the relative effectiveness of
during the simulated flight. Nystagmic movements appeared rarely two superimposed displays in generating circular vection as a

and then only fleetingly, mainly at the end of a turn. They were function of: (1) the separation in depth between them, (2) their
all low amplitude. We were not able to establish a correlation perceived relative ditances, and (3) which display was i the plane
between the oblective vestibular responses and the subctive of focus. Circular vection was found to be governed by the display
leelings of simulator sickness. Author that was perceived to be more distant, even when it was actually

nearer, Vection was not affected by whether the near or far display
was in the plane of focus, nor by which display was fixated or
pursued by the eyes In Experiment 2 we asked whether the

N89-112184 National Aeronautics and Space Administration generally held belief that vection is induced most effectively by
Ames Research Center, Moffeff Field, CA. the peripheral stimuli is due to an artifactual effect of perceived
HEAD-MOUNTED SPATIAL INSTRUMENTS: SYNTHETIC distance. The experiment assessed the separate contributions of
REALITY OR IMPOSSIBLE DREAM foreground-background and central-peripheral placement of
STEPHEN R. ELLIS. ARTHUR GRUNWALD, and MORDEKHAI competing displays It was found that both factors contribute in
VELGER In AGARD. Motion Cues in Flight Simulation and an interactive way to the experience of vection In Experiment 3

Simulator Induced Sickness 8 p (SEE N89-12171 03-52) Jun. we investigated how linear forward vection induced by a looming
1988 visual display is affected by the near-ar relationships of competing
(AGARD-CP.433) Avail: NTIS HC A09/MF A01 displays. Author

A spatial instrument is defined as a display device which has
been either geometrically or symbolically enhanced to better enable
a user to accomplish a particular task. Research conducted over
the past several years on 3-D spatial instruments has shown that
perspective displays, even when viewed from the correct viewpoint.

are subject to systematic viewer biases. These biases interfere N$9-12167# University Hospital, Leuven (Belgium) Dept of

with correct spatial judgements of the presented pictorial Otoneurology and Equibriometry.

information It is also found that deliberate, appropriate geometric CUES FOR TRAINING VERTIGO, PROVIDING SUGGESTIONS

distortion of the perspective projection of an image can improve FOR THE MANAGEMENT OF SIMULATOR SICKNESS

user performance These two findings raise intriguing questions MARCEL E. NORRE In AGARD. Motion Cues in Flight Simulation

concerning the design of head-mounted spatial instruments. The and Simulator Induced Sickness 4 p (SEE N89-12171 03-52) Jun

design of such instruments may not only require the introduction 1988
of compensatory distortions to remove the leutraly occurring (AGARD.CP-433) Avail. NTIS HC A09/MF A01
biases but also may significantly benefit from the introduction of Clinical experience with exercise treatment for vertigo has

artificial distortions which enhance performance These image confirmed the extreme adaptibiity of the balance system. Vestibular

manipulations, however, can cause a loss of visual-vestibular Habituation Training (VHT) for provoked (positioning) vertigo

coordination and induce motion sickness Additionally, adaptation provides some interesting cues in the scope of the theme of this

to these manipulations is apt to be impaired by computational meeting, related to simulator sickness The disabling sensation,

delays in the image display. Consequently, the design of called motion sickness. means only a disturbance similar to vertigo

head-mounted spatial instruments will require an understanding of In both, the sensory observation of the environment by the three
the tolerable limits of visual-vestibular discord Author sensors results in a sensory mismatch. In vertigo it is one of the
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sensors that works in a wrong way and in motion sickness it is 53
an unusual presentation of the environment structure that causes
the mismatch. Provoked vertigo as welt as motion sickness is BEHAVIORAL SCIENCES
linked to actual working of the system. In both situations the system
has to work up changing relationships: in the provoked vertigo
the changing situation has no contradiction in se related to a includes psychological a-lors; individual and group behavior, crew
normal working schedule of the system, whereas it has in motion training and evaluation: and psychiatric research.
sickness. In both cases it must be possible to re-organize the
effect of the changed sensory input by central adaptation. Clinical
experience confirmed it: repeated exposure to the mismatch is N87-29505# Centre d'Etudes et de Recherches de Medecine
the very stimulus and has a positive effect in provoked vertigo. Aerospatiale. Pans (France).
Persons with motion sickness can be habituated in the same way STUDY OF ANTICIPATION MECHANISMS IN THE
as we observe it for our patienis with provoked vertigo i a AERONAUTICAL ENVIRONMENT ETUDE DES MECANISMES
progressively by exposure and specifically, related to the stimulus
pattern of the exposure. Author R. AMALBERTI, CL. VALOT. and J.-P. MENU In AGARD.

Information Management and Decision Making in Advanced
Airborne Weapon Systems 14 p (SEE N87-29503 24-06) Feb.
1987 In FRENCH
(AGARD-CP-414) Avail: NTIS HC A14/MF A01

Pilot behavior during anticipation activities is discussed. These
types of activities make use of the ability to mentally represent
the result of changes produced in a given situation, allowing for
related events and real action potentials. Anticipation activities

N89-1218"# National Aeronautics and Space Administration. may take place at various levels including initial mission planning
Lyndon B Johnson Space Center. Houston. TX and necessitated in-flight changes thereto, during the use of
PREADAPTATION TO THE STIMULUS REARRANGEMENT IF standard procedures to accomplish various flight maneuvers and
WEIGHTLESSNESS: PRELIMINARY STUDIES AND CONCEPTS other highly routine acts, and during the acquisition and transfer
FOR TRAINER DESIGNS of information to and from the hardware system ustng its displays
D E PARKER and M F RESCHKE In AGARD, Motion Cues in and controls. Both behavioral observation and interview techniques
Flight Simulation and Simulator Induced Sickness 9 p (SEE with expenenced and inexpenienced pilots were used to reveal
N89t2t71 03-52) Jun. 1988 Prepared in cooperation with the rules by which these anticipation activities are carned out and
Miami Univ. Oxford. Ohio how they differ as a function of the specific knowledge of the
(AGARD-CP-433) Avail NTIS HC A09/MF A01 pilot at a given point in time and the available time to consider

An effort to develop preflight adaptation training (PAT) alternate responses M.G
apparatus and procedures to adapt astronauts to the stimulus
rearrangement of weightless spaceflight is being pursued. Based NS7-2950N# Messerschmitt-Boelkow-Blohm G m b H . Munich
on the otolith tilt-translation reinterpretation model of sensory (Germany. F R.) Helicopter and Military Aircraft Group
adaptation to weightlessness, two prototype preflight adaptation THE TASK TAXONOMY METHOD: A BASIS FOR AN EXPERT
trainers (PAT) have been developed. These trainers couple pitch SYSTEM ON HUMAN RELIABILITY
movement of the subject with translation of the visual surround R SEIFERT and K BRAUSER In AGAROr Information
Subjects were exposed to this stimulus rearrangement for penods Management and Decision Making in Advanced Airborne Weapon
of 30 m The hypothesis is that exposure to the rearrangement Systems 8 p (SEE N87-29503 24-06) Feb 1987
would attenuate vertical eye movements was supported by two (AGARD-CP-414) Avail NTIS HC A14/MF A01
experiments using the Miami University Seesaw (MUS) PAT A survey of human error (HE), its definition, nature of HE and
prototype The Dynamic Environment Simulator (DES) prototype the categonzation of HE's, causes and prevention measures is
failed to support this hypothesis: this result is atnbuted to a descnbed Then a HE rating scale is introduced, which allows the
peculanty of the DES apparatus A final experiment demonstrated assignment of HE probability (HEP) values measured into 10
that changes in vertical eye movements were not a consequence reliability classes )RC) Based on HEP values measured for a
of fixation on an external target dung exposure to a control number of human performances, a Task Taxonomy Method is
condition Together these experiments support the view that developed This method allows the assignment of a reitive weight
preflight adaptation training can alter eye movements in a manner to all task factors and to all performance shaping factors involved
consistent with adaptation to weightlessness Following these initial in the task performance The task taxonomy method is a tool to
studies, concepts for development of operational preflight trainers predict the HEP and RC of tasks allocated to man Such a predictive
were proposed The trainers are intended to demonstrate the tool is used for analysis, definition and design of man machine
stimulus rearrangement of weightlessness: allow astronauts to train systems Rules of an Expert System are described which facilitates
in altered sensorv environment modify sensory motor reflexes: the application and use r1 the task taxonomy method Author
and reduce/eliminate space motion sickness symptoms Author NS?-30060# McDonnell-Douglas Corp. Long Beach. CA

MENTAL 'NORKLOAD MEASUREMENT IN OPERATIONAL
AIRCRAFT SYSTEMS: TWO PROMISING APPROACHES
MICHAEL BIFERNO In Advisory Group for Aerospace Research
and the Practical Assessment of Pilot Workload p 44-51 (SEE
N87-30054 24-54) Jun 1987
IAGARD-AG-282) Avail NTIS HC A07/MF A0t

When evaluating aircraft systems, the most useful mental
N8S-t7399# Advisory Group for Aerospace Research and workload (MWL) measures are those which can be employed
Development, Neuilty-Sur-Seine (France) Aerospace Medical inflight or full mission simulations This requires measures to be
Panel noninterfering, relativey unobtrusive, and provide estimates of
SLEEP AND WAKEFULNESS: HANDBOOK FOR FLIGHT operationally relevant MWL while maintaining high levels of validit
MEDICAL OFFICERS, 2NO EDITION and reliability In the context of automated systems, the strategy
A N NICHOLSON and BARBARA M STONE (Royal Aircraft was to define MWL as language based mental act-vty and to
Establishment, Farnborough, England j t987 92 p develop subteclive ratings (opinion scale) in the short term and
(AGARD-AG.270(F)) Avail NTIS HC A05/MF A01 event related brain potential (ERP) measures in the long term

The first en .nn of this handbook was published in 1982. and Subjective ratings are being employed to estimate the required
since then the inderstanding of sleep and wakefulness has degree of attention to perform information processing, mental
advanced considerably This new handhook emphasizes the operations, and actions This organization aids in the identification
mangagement of aircrew and the problems they expenerince in of undesirable MWL levels associated with system displays logic,
coping with irregulanty of rest and activity Author and controls In addition to providing a quantitative workload rating.
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this technique elicits verbal explanations if high MWL levels are N88-27711# Veterans Administration Hospital, Sepulveda, CA
reported Author Neuropsychology Research Dept

ELECTROENCEPHALOGRAPHIC CORRELATES OF PILOT
PERFORMANCE: SIMULATION AND IN-FLIGHT STUDIES

N88-27698# Organsatie voor Toegepast Natuurwetunschappeik M B STERMAN. G. J. SCHUMMER. T. W DUSHENKO, and J
Onderzoeh Soesterberg (Netherlands) Human Perlormance C, SMITH In AGARD. Electric and Magnetic Activity ot the

Group Central Nerv.vvs System Research and Ctinical Applications in

USING ERPS TO STUDY HUMAN INFORMATION Aerospace Medicine 16 p (SEE N8-27683 21-51) Feb 1988

PROCESSING (Contract AF-AFOSR-0231-83 AF-AFOSR-0335-82)

A W K GAILLARD Ir AGARD. Electric and Magnetic Activity (AGARD CP-432) Avail NTIS HC A18/MF A01

o the Central Nervous System Research and Clinical Applications Both laboratory and in-flight studies were performed in order

in Aerospace Medicine 6 p (SEE N8827683 21-51) Feb 1988 to evaluate the utility and feasibility of EEG monitoring as a means

(AGARD.CP-4321 Avail: NTIS HC A18/MF A01 of identifying central nervous system correlates of performance

The event-related brain potential (ERP) technique may provide and G-torce effects during military flight operations. Four studies

an inobtrusive measure of the processing of psychological were conducted. two with controlled laboratory simulation, and

intormation during task performance. Some investigators regard two in actural flight dunng military training missions Data analysis

ERPs even as a direct manifestation of the ongoing psychological focuseJ on EEG power-spectral density characteristics and their

processes Before such a strong claim can be made several temporal modulation, specifically in sensonmotor and visual cortical

methodological problems have still to be solved The definition areas Several consistent findings ermerged. During competent

and identification of the various components in the ERP. the performance, a highly unique discrepancy appeared between the

separation of exogenous and endogenous components, and tile left and right hemispheres in central 8 to t5 Hz activity. This

differenct ways in which inferences can be made about pattern disappeared as performance degraded Tire temporal

psychological processes on the basis of ERP components, is the modulation of this activity also reflected these changes, During

low comparability of ERP measures across paradigms are high G-force situations. power at frequencies below 8 Hz was

discussed Author progressively and non-specifically enhanced. Continued competent
performance, however, was still reflected by the pattern descr~bed.
These findings are discussed in terms of their neurophysioogical

N88-27701# Defence and Civil Inst of Environmental Medicine, implications.

Downsvrew (Ontario). N88-27719# Hellenc Air Force General Hospital, Athens
THE EFFECT OF ENDOGENOUS ALPHA ON HEMISPHERIC
ASYMMETRIES AND THE RELATIONSHIP OF FRONTAL THETA (Greece). Neurological Clinic.

TO SUSTAINED ATTENTION CORRELATION BETWEEN EEG ABNORMAL ACTIVITY AND
R PIGEAU. R. HOFFMANN. S PURCELL, and A. MOFFITT AIRCRAFT ACCIDENTS: A LONG TERM OBSERVATIONA STAVGEAOULOS InFAGARD.ESctPcRandLMagnetic Activit

(Carleton Univ. Ottawa. Ontario I In AGARD, Electric and A. STAVROPOULOS In AGARD Electrc and Magnetic Activity

Magnetic Activity of the Central Nervous System: Research and of the Central Nervous System: Research and Clinical Applications

Clinical Applications in Aerospace Medicine 16 p (SEE N88-27683 in Aerospace Medicine 5 p (SEE N8-27683 21-51) Feb 1988

21-51) Feb 1988 (AGARD-CP-432) Avail. NTIS HC A18/MF AOt

(AGARD-CP-432) Avail NTIS HC A18/MF A01 During 1975 to 1976, 64 student pilots of the Hellenic Air

Data arm represented which suggest that the degree of Force Air Academy were studied with electroencephalographic
hemispheric alpha asymmetry is related to resting eyes closed protocol including activation procedures In 13 of them, abnormal

endogeneous alpha activity Also. it is demonstrated that frontal encephalographic activity was observed During their 10-year flying

theta activity varies with the difficulty level of an additional tasks career as fighter pilots, six pilots with abnormal EEGs were involved
holy results share a common emphasis on electrophysiologicas in 10 aircraft acciuents due to pilot error, while only 3 pilots of

Bothresltsshae acomon mphsison lecropysilogcal the SI wit normal EEGs were involved in 4 accidents due to
individual difference The electroencephalogram (EEG) recordings te 5 tho
from 54 nght-handed subjects performing 5 cognitive tasks were pilot erros Author

collected and quantified using period analysis The subjects were
rank ordered on the basis of their hemispherically averaged alpha
activity during an eyes closed baseline condition A similar 54
procedure was performed for frontal theta to distinguish theta
generators Utilizing a L-R/L R asymmetry index the results
indicate that high and middle alpha generators disp.ayed the MAN/SYSTEM TECHNOLOGY AND LIFE
hypothesized and asymmetry relationship whereas the low alpha SUPPORT
generators did not This implies that low alpha generating subjects
may negatively affect EEG laterality studies. Results from the Includes human engineering, biotechnology and space suits and
addition task indicate that hemispherically averaged theta activity protective clothing.
varies curvelinearily as a function of increaseing task difficulty
Subjects displaying hiqher performance scores on the additional
task also demonstrate higher frontal theta values, suggesting theta N87-13934# Rheinische Braunkohlenwerke A G . Cologne
is assocated with sustained focused attention of higher order (Germany, F.R) Hauptabteilung Arbeitsmedizin

cognitive processes Author RELATIONSHIPS BETWEEN WHOLE-BODY VIBRATION AND
DISORDERS OF THE BACKBONE DIAGNOSED ON
OPERATORS OF EARTH-MOVING MACHINERY

NOS-27707# Naval Aerospace Medical Research Lab.. Pensacola, G ZERLET- In AGARD Backache and Back Discomfort 5 p
FL (SEE N87-13932 05-52) Jun 19B6
THE NEUROELECTRIC SELECTION OF NAVAL AVIATION (AGARD-CP-378) Avail: NTIS HC A12/MF A01

PERSONNEL: AN EVALUATION A study was based on interviewing 352 operators o
R R STANNY, D L REEVES, M R BLACKBURN. and G R. earth-moving machinery who had been exposed to whole-body
BANTA (Naval Medica; Research and Development Command, vibration fm 31 least 3 years. A further examination dealt with the

Bethesda. Md) In AGARD. Electric and Magnetic Activity of the evaluatior of available X-rays showing different parts of the spines
Central Nerous System Research and Clinical Applications in of 251 machinery operators who had been exposed to vibration
Aerospace Medicine 8 p (SEE N88-27683 21-51) Feb. 1988 for at least t0 years The discomfort most often mentioned was
(AGARD-CP-432) Avail NTIS HC A18/MF A01 impairment of health and well-being during and after the working

The value 01 using event-related potentials to predict success shift (mentirned by 75% and 59% respectively). Apart from that.
in naval aviation is examined The background of the project, the percentage of subjects complaining about spinal discomforts
some methodological considerations, and the approach to the was much higher for the exposed group than for the non-exposed
problem are discussed Some early results have become available group (70% and 54% respectively). The epidemiologic study
and are encouraging Author resulted in an objective confirmation of the spinal discomforts
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indicated. 2/3 of which had been related by the operators to the octave-band analysis of the data was then compared with the
lumbar spine Of all disorders diagnosed for the operators, the exposure limit (EL), the fatigue decreased proficiency boundary
lumbar syndrome accounted for the greatest share by far 81%. In (FOP). and the reduced comfort boundary (RC) of ISO 2631
three cases, diagnosis for the operators was avulsion fracture of Specific results and data analysis are outlined and it is concluded
the spinous processus of a vertebral body in the cervical column, that the high incidence of back pain observed in the pool driver
The frequency distnbution resulting from the radiographic group was the result of poor posture and exposure to intense
examination of 251 earth-moving machinery operators with at least levels of vibration and shock for periods exceeding the exposure
a 10 years exposure to whole-body vibration showed that limits recommended by !SO 2631. and that the incidence of back
morphological changes in the lumbar spine occur earlier and much pain among RCR and Centunon drivers was related to poor driving
more frequently than in the case of no,'-exposed persons, posture. MG

Author
N8?-13939# Army Aeromedical Research Lab, Fort Rucker.

N87-13935# Institut National de Recherche et de Secunte pour AL.
Ia Prevention des Accidents du Travail et des Maladies BACK DISCOMFORT IN US ARMY HELICOPTER AIRCREW
Professonnelles, Vandoeuvre (France). MEMBERS
THE WORKPLACE VIBRATION ENVIRONMENT OF OFF-ROAD D. F. SHANAHAN. G R. MASTROANNI, and T E. READING
MACHINES 1i AGARO Backache and Back Discomfort 10 p (SEE N87-13932
P BOULANGER. P. DONATI. J. P. GALMICHE. and L. ROURE 05-52) Jun. 1986
in AGARD Backache and Back Discomfort 11 p (SEE N87-13932 (AGARD-CP-378) Avail: NTIS HC A12/MF A01
05-52) Jun 1986 The relationship of back discomfort to military helicopter flight
(AGARD-CP-378) Avail: NTIS HC At2/MF A0l operations was studied in this questionnaire survey of 802 U S.

Measurements made with manufacturers and users enabled Army helicopter pilots. Of the surveyed population, 584 (72.8%)
I N.R S to evaluate the vibration exposure at the workplace of pilots reported experiencing back discomfort while flying over the
about 70 different off-road machines presently used in France last two years. The discomfort generally was described as a dull
and the efficiency of machine suspension seats. Measurements ache confined to the lower back, with a mean onset time of 88
were obtained from accelerometers mounted triaxially, placed on minutes into a mission. The relationship of reporting the pain to
the seat pan and on the floor beneath the seat. More than 150 physical characteristics, past medical history, physical activity, and
runs were performed to consider a range of typical operating aviation experience is discussed. For over half of the respondents
conditions of vehicles studied According to the standard AFNOR (50.1%), the pain was transient (less than 24 hours duration),
NF E 90-401 the vibration exposures measured on running vehicle; resolving rapidly after discontinuing a provoking flight, Nevertheless.
fitted with pneumatic tires (dumpers and off-road trucks, tractor there was a significant number of aviators who reported persistent
scrappers, ofn-road fork lift trucks, etc. ) were greater than those symptoms lasting over 48 hours (14.5%). Possible etiologies of
recorded in excavators and back-hoe loaders while digging the pain for both groups, as well as potential methods of prevention
trenches The driver' were exposed mainly to vertical vibration are discussed. Author
unless the vehicles were used for excavating or scraping. In
addition, the results show how poor the isolation provided by the N87-13945# Loughborough Univ of Technology (England) Dept
seat vertical suspension systems is. especially for those vehicles of Human Sciences.
fitted with pneumatic tires This proves the necessity to apply VEHICLE VIBRATION AND BACK PAIN
seat test code as defined by the French standard AFNOR E 58-074 J. SANDOVER In AGARD Backache and Back Discomfort 9 p
for off-road machines. The measurements made on the floor (SEE N87-13932 05-52) Jun. 1986
beneath the seat generally validate the pertinence of input vibration (AGARD-CP-378) Avail; NTIS HC A12/MF A01
spectral classes recommended by this standard to test seats in Although it is often suggested that chronic low back pain in
the laboratory although some modifications are suggested professional drivers is related to vibration or posture, we have
Particularly, it is proposed to include the dumpers and off-road only a limited theoretical framework to work with. Well organised.
trucks and to define two new classes to take into account horizontal prospective epidemiological studies may demonstrate that chronic
vibrations when necessary Author low back pain in drivers or pilots is related to high levels of vibration

or poor posture. However, they will get us little further without the
N87-13936# Defence and Cvil Inst of Environmental Medicine, theoretical base. In this paper, it is assumed that chronic back
Downsview (Ontario) pain is dependent primarily on disc degeneration and that disc
BACK PAIN AND DISCOMFORT RESULTING FROM EXPOSURE degeneration, in turn, arises from fatigue-induced damage to the
TO VIBRATION IN TRACKED ARMOURED VEHICLES vertebral end-plates or to the tissues of the annulus. It will be
D BEEVIS and S E FORSHAW In AGARD Backache and shown that in either case, time to failure is related to an exponential
Back Discomfort 7 p (SEE N87-13932 05-52) Jun. 1986 function of stress such that instantaneous stress maxima are more
IAGARD-CP-378) Avail. NTIS HC A12/MF A01 important then long term (e.g., r.m.s.) stress values. We usually

The interrelatlionship of vehicle ride, operator exposure and assume the some frequency weighting function is needed to predict,
back pain wes studied using a pool of drivers from the Combat from vehicle vibration, the spinal stress that may lead to
Arms School (CAS). who were required to drive long hours in malfunction. This function may be based on equal discomfort
M113 armored personnel camers. Among the 28 CAS Ml13 drivers contours, biomechanics data or a simple model. It is shown that
with back problems, ten had recurrent lower back pain to the basic assumptions on the effects and on frequency weighting can
extent that time was missed from work. Of the ten, one required markedly affect the evaluation of particular vibration
surgery during the period of the investigation, and another six. environments. Author
who were free from congenital abnormalities of the spine, were
found by X-ray examination to have changes such as degenerative N$7-13946# Technische Univ., Munich (Germany, F.R)
disc disease A three-aspects approach was taken for the IN-VIVO EXPERIMENTS ON THE RESPONSE OF THE HUMAN
investigation. The first aspect was to review the medical history SPINE TO SINUSOIDAL G SUB Z VIBRATION
of the pool drivers for the three years prior to the investigation. F W. HAGENA, C J. WIRTH, J PIEHLER, W PLITZ, G 0
and to compare them with those of two other groups of drivers. HOFMANN, and T. ZWINGERS In AGARD Backache and Back
One group, (RCR drivers), drove the same vehicle but for fewer Discomfort 12 p (SEE N87-13932 05-52) Jun 1986
average hours per week. The other group (Centurion drivers), drove (AGARD-CP-378) Avail: NTIS HC At 2/MF A01
a slower, heavier vehicle for a similar number of hours per week. The transmissibility of the human spine to vertical G~z)+vibratlion
The second aspect of the study was to review the exposure history was up to row investigated mainly by measurements on the
of the three groups of drivers This was done rismng a modified body-surtace and the head As it is known that vibration
version of the questionnaire developed by Fitzgerad and Crotty. transmission between skin-soft tissue-bone is not ISear, we thotvght
The third aspect of the study involved the recording and analysis it necessary to inert percutaneous K-wires into the spinous process
of the ride characteristics of the M1 13 and the Centurion for direct measurements In 11 healthy subjects at various defined,'
Accelerations were measured in three orthogonal axes at the heights of the spine including the head the amplitude ratio wyas
driver's buttocks as each vehicle was driven at representative measured to the sacruni and in companson to the shake table
speeds over various types of road and terrain. A one-third The tests were performed in standing and sitting position on a
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shake table with vibration control system. The natural frequency N87-13954# Vermont Univ., Burlington. Dept. o Orthopaedics

of the spine was confirmed by additional in-vitro tests on isolated and Rehabilitation.

lumbar spine segments under special conditions. The human spine MUSCLE FATIGUE IN STATIC AND VIBRATIONAL SEATING
acts as a vibration system with three defined areas of resonance. ENVIRONMENTS
The spinal column causes an adsorption up to the head. Rigid M. H. POPE. D. G. WILDER, and D. D. DONNERMEYER /n
body segments as well as fusional to spinal segments lead to AGARD Backache and Back Discomfort 10 p (SEE N87-13932
increased strain in neighbouring segments. This was proved by in 05-52) Jun. 1986
vivo as welt as in vitro investigation. A new set-up for in vitro (AGARD-CP-378) Avail: NTIS HC A12/MF AO
tests was developed. Author In order to perform an objective assessment of muscle fatigue

in a UH-1-H cockpit seating environment, instrumentation was

developed to sense and use as an outcome measure the shih in
the center frequency of the electromyographic (EMG) spectrum of
the dorsal lumbar rr.iwscufature. Subjectve assessment of fatigue
was accomplished by means of a visual analog scale indicating

N87-13947# Advisory Group for Aerospace Research and discomfort as a function of duration of exposure to the seated
Development A Neuilly-Sur-Sepe (France). environment. Twenty subjects (10 male and 10 female) were

IN VIVO MEASUREMENTS OF VIBRATION TRANSMISSION IN exposed to the same seating environment (in terms of both static

THE HUMAN SPINE Abstract Only posture and vibration exposure) as that experienced by the UH- -H

& B. J. ANDERSSON, M. M. PANJABI, L. JORNEUS, and E. helicopter pilot. The vibration environment of a UH-1-H helicopter
HULT In its Backache and Back Discomfort 2 p (SEE N87-13932 was recorded and reproduced using a servohydraulic vibrabon
0T-52) Jun. 1986 Sponsored in part by Swedish Work simulator. Each exposure lasted two hours. Marginally significant

Environment Fund fatigue, as measured by the center frequency shift method,
(AGARD-CP-378) Avail: NTS HC A2/MF A01 occurred onfy as a result of the sustained static posture. In contrast.

Although conclusive evidence does not exist, there are many all exposures to this seating environment, in both static and
Althogccusie ei ancesaeis there are many vibration modes, produced significant subjective discomfort in both

epidemiological Surveys suggesting an increase risk of low back buttocks and lower back. Thus, the predominant cause of back
pain in persons exposed to vibrations. Theoretical calculations discomfort and fatigue in this instance appears to be the UH-t-H
indicate that spinal motion segment components can be stressed specific seated posture rather than the UH-f-H specfic vibational

by whole body vibration exposure fo the degree that fatigue failure environment. Author

can occur Further, it is also known that vibration can interfere

with disc nutrition. Several studies have been published in which NO?-13955# Laboratoire de Medecine Aerospatiale,
the response of the trunk as a whole to vibration was measured. Bretigny-sur-Orge (France).
These measurements were usually made with a single uniaxial LOWER BACK PAIN IN HELICOPTER PILOTS:
accelerometer placed on the head of the subject or at some ETIOPATHOLOGICAL FACTORS ILOMBALGIES DES PILOTES
place on the surface of the trunk. The output accelerations have DHELICOPTERES FACTEURS ETIOPATHOGENIQUESI
then been related to the input, i.e., vibration transfer functions J. L. POIRIER, D. LEJEI/NE, P J METGES, and H

have been calculated. In this paper, in vivo experiments are VIEILLEFOND In AGARD Backache and Back Discomtord 7 p
discussed in which vibration was measured in the three principal (SEE N87-13932 05-52) Jun. 1986 In FRENCH
directions in the sagittal plane with accelerometers attached directly (AGARD-CP-378) Avail: NTIS 'IC A12/MF AOl
to lumbar vertebrae in human volunteers. Author Back pain is presently one of the occupation related hazards

of concern to the helicopter pilot. The physiopathogenesis is tied
to two factors: posture and vibration. From the postural point of

view, our aim was to determine the specific positional
characteristics of the spine of a subject seated at the pilot station
Beginning from data obtained with radiography, we have defined

N87-13953# Defence and Civil Inst. of Environmental Medicine, rules for the conception and realization of helicopter seats. As
Downsview (Ontario). Biosciences Div. concerns mechanical vibration, we conducted a comparative study
POSTURAL FATIGUE AND THE BACKACHE OF HELICOPTER of the vibration transmissibility for various helicopter seatr and
PILOTS seat cushions. It is now possible to contribute improvements to
T J. BOWDEN In AGARD Backache and Back Discomfort 10 pilot comfort in the postural domain from the point of view of

p (SEE N87-t3932 05-52) Jun. 1986 vibration protection. M G
IAGARD-CP-378; DCIEM-85-F-30) Avail: NTIS HC A12/MF A01

A review of the literature on the back pain of helicopter pilots N87-13956# Tor Vergata Univ. Rome (Italy). Dept. of Electronic
suggests that postural fatigue, rather than specific injury to the Engineering
spine, may be the cause of much of the reported pain. Postural VIBRATION MEASUREMENTS ON HELICOPTER AIRCREW: A
fatigue is defined here as latigue in specific muscles whose NEW APPROACH
continuous activity is required to maintain a working posture. M. A. 0. PETTERNELLA, R. BERTI (Aerospace Medicine Center.
Descriptions of the back pain of helicopter pilots are compared Rome (Italy).), A. LALA. and R. ANTONINI In AGARD Backache
with those of the phenomenon of postural fatigue. It is significant and Back Discomfort 12 p (SEE N87-13932 05-52) Jun. 1986
that there is a strong association between the pilot's back pain (AGARD-CP-378) Avail: NTIS HC A12/MF A01
and actual flight duty. Biomechanical aspects of the pilot's A method is proposed for obtaining the time-dependent pattern
environment and of tasks within the cockpit are assessed as of vibrations transmitted to the seated pilot. by means ot a map
potential causes of postural fatigue Both posture and vibration showing the direction and magnitude of all measured vectors. The
within the cockpit may be possible causes, since both conditions pattern easily allows the observer to distinguish between rotational
may impose continuous activity on muscles of the lower back. and translational motion. Because the direction of translational
Postural fatigue is a temporary problem, but the causes of postural motion (or the axis of rotational motion) is not the same in different
fatigue, such as sedentary work in awkward postures, are flight conditions, a suitable reorientation of the frame of reference
considered by many authors to be related to increased incidence is required in order to compare the various situations In this way
of chronic back pain, back disease and related disability. Repeated it is also possible to observe changes of the spin axis or of the
exposure to postural fatigue may increase the likelihood of direction line. in case of rotational or translation motion respectively

mechanical back injury by reducing the effectiveness of the Some results obtained from measurements on board a helicopter
protection given to the spine by its supporting muscles during at two sites (seat and backrest) are presented Three orthogonal
tashs involving bending and lifting. Electromyography has been acceleratlio, vectors are examined. Patterns corresponding to

used to index postural fatigue in the laboratory, as well as in the different flight conditions are shown, before and after framx
civilian work environment. By objectively defining muscle activity reorientation. The paper closes with a frequency analysis of some

and fatigue, electromyographic methods may allow the objective of the measurements, comparing amplitudes and phases of the
assessment of different ergonomic proposals to relieve the back spectral components at the same frequencies, before and after
pain in helicopter pilots. Author frame reorientation Author
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N87-18987# Advisory Group for Aerospace Research and NB-29504# Massachusetts Inst. of Tech.. Cambridge. Dept o$
Development. Neuilly-Sur-Seine (France). Guidance and Control Aeronautics and Astronautics.
Panel. AUTOMATION AT THE MAN-MACHINE INTERFACE
IMPROVED GUIDANCE AND CONTROL AUTOMATION AT THE WALTER M. HOLLISTER In AGARD, Information Management
MAN-MACHINE INTERFACE and Decision Making in Advanced Airborne Weapon Systems 10 p
WALTER M. HOLLISTER, ed. Dec. 1986 123 p (SEE N87-29503 24-06) Feb. 1987
(AGARD-AR-228; ISBN-92-835-1537-4; AD-A177651) Avail: (AGARD-CP-414) Avail: NTIS HC A14/MF A01
NTIS HC A06/MF A01 There is a recognized need for automation. However. detailed

Modern control and display technology has already reduced analysis shows that the term automation is too broad for making
significantly the workload associated with piloting all forms of specific research recommendations. The specific characteristics
airborne vehicles. However, increased demands on the pilot make vary in kind and degree as a function of the piloting tasks. in
it desirable to establish how automation may further reduce both some cases, the task should be left entirely to the pilot. In many
the cognitive and desision-making workload of the pilot. There is cases, computer aiding is the best choice. A method for allocating
evidence that under high workload, in poor visibility, or for maximum functions between automated systems and the pilot is presented
combat capability, the pilot could perform better with control inputs using the theory of divided attention. It describes a structured
more directly related to the outputs over which he needs control, approach for reducing the control dwell fraction with improved
There are also basic questions as to what information the pilot flying qualities. There is a need for fundamental research into the
really needs, what control and management functions can be understanding of how the human pilot operates as part of the
automated, and what functions must the pilot retain to perform aircraft and weapons control system. Author
his task satisfactorily in relation to different mission aspects. The
AGARD GCP/WG.07 members were asked to identify the most N87-29507# Washington Univ.. Saint Louis, MO.
promising options for improved automation at the man-machine CLOSING THE MAN-MACHINE LOOP: ON THE USE OF
interface of flight vehicles and present their findings. Author PHYSIOLOGICAL MEASURES TO AFFECT

COMPUTER-CONTROLLED DEVICES
J. A. STERN. G. F. WILSON. and M. THEISSEN (General Dynamics
Corp., Fort Worth, Tex.) In AGARD, Information Management
and Decision Making in Advanced Airborne Weapon Systems 5 p

N87-23644# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich (SEE N87-29503 24-06) Feb. 1987
(Germany. F.R.). Ergonomics and Cockpit System. (AGARD-CP-414) Avail: NTIS HC A14/MF A01
COMPUTER SIMULATION STUDIES ON HUMAN CONTROL Results suggest that physiological information: heart rate, eye
RELIABILITY IN MANUAL AIRCRAFT CONTROL THE ORIGIN blink, etc., as well as information about operator performance and
OF PIO system characteristics, could he used to alert the operator, change
K. BRAUSER and R. SEIFERT In AGARD Flight Simulation 19 displays, or permit the hardware to take over certain functions.
p (SEE N87-23633 17.09) Sep. 1986 Utilization of physiological data from the operator must be used
(AGARD-CP-408) Avail: NTIS HC A16/MF A01 with certain cautions in mind. For example, physical exertion causes

Pilot induced oscillations usually are defined as a sensitive changes in heart rate. The system would have to be provided
indication of bad handling qualities. In the view of human with information concerning physical exertion, so that the heart
performance reliability, PIO's are related to input errors with respect rate data could be appropriately interpreted in a larger context
to the control characteristics of the controlled system. It is a general This is true of the information concerning aircraft performance as
rule that man will make errors while performing arbitrary tasks well, where the pattern of inputs from various sensors is analyzed
under the influence of possible performance shaping factors in order to make a decision about an action to be taken. Author
(PSF's). A recently developed Task Taxonomy Method is used as
a tool for the assessment of Human Error Probabilities (REP) N87-29508# National Aeronautics and Space Administration.
depending quantitatively on the effects of performance shaping Ames Research Center, Moffett Field, CA.
factors (PSF) like task dimensions and charactenstics, operator THE EFFECTS OF DISPLAY-CONTROL I/O, COMPATIBILITY,
charactenstics, system characteristics and environment factors. AND INTEGRALITY ON DUAL-TASK PERFORMANCE AND
Using this Task Taxonomy procedure, HEP values for the manual SUBJECTIVE WORKLOAD
aircraft control task have been calculated. HEP values are PAMELA S. TSANG (Illinois Univ., Savoy.). SANDRA G. HART.
drastically increased (0.5 to 0.9) by the influence of bad handling and MICHAEL A. VIDULICH In AGARD. Information Management
qualities, while good handling qualities may only reduce the HEP and Decision Making in Advanced Airborne Weapon Systems 9 p
value to 0.1, because other PSF's may remain -till active. Therefore (SEE N87-29503 24-06) Feb. 1987
PIC incidents remain possible, even in aircraft with good handling (AGARD-CP-414) Avail: NTIS HC A14/MF A01 CSCL 05H
qualities. This has been demonstrated by means of SAINT The utility of speech technology was evaluated in terms of
computer simulations using appropriate HEP values. Author three dual task principles: resource competition between the time

shared tasks, stimulus central processing response compatibility,
and task integrality. Empirical support for these principles was
reviewed. Two studies investigating the interactive effects of the
three principles were described. Objective performance and

N87-25769# Advisory Group for Aerospace Research and subjective workload ratings for both single and dual tasks were
Development. Neuilly-Sur-Seine (France). Aerospace Medical examined. It was found that the single task measures were not
Panel. necessarily good predictors for the dual task measures, It was
IMPACT OF FUTURE DEVELOPMENTS IN ELECTRONIC shown that all three principles played an important role in
TECHNOLOGY ON COCKPIT ENGINEERING determining an optimal task configuration. This was reflected in
R. EGGLESTON, ed. (Air Force Wright Aeronautical Labs., both the performance measures and the subjective measures
Wnght-Paterson AFB. Ohio.) Jun. 1987 29 p Therefore, consideration of all three principles is required to insure
(AGARD-R-757; ISBN-92-835.1551-X; AD-A183571) Avail: NTIS proper use of speech technology in a complex environment
HC A03/MF A01 Author

Presented are the results of the Cockpit Engineering subpanel
of an AGARD workshop on Tle Potential Impact of Future N87-29509# Royal Air Force. London (England).
Developments in Electronic Technilogy on the Future Conduct of A STUDY OF PILOT FLIGHT INFORMATION
Air Warfare held at the SHAPE T.ichnical Center in The Hague. CROSSMONITORING PERFORMANCE
Netheriands. from 21 to 25 October 1985. The report considers V. P. SCHMIT In AGARD, Information Management and Deci.iOn
the issue of how advances in electronics technology are expected Making in Advanced Airborne Weapon Systems 12 p (SEE
to impact cockpit engineenng for future airborne weapon systems, N87-29503 24-06) Feb 1987
surveys the cockpit engineering problem, and provides a limited (AGARD-CP-414) Avail: NTIS HC AI/MF A01
treatment of the considerations and developments believed to Le A experiment is discussed which investigaied the ability of the
needed to ensure that the potential offered by new electronic pilot to crossmontor between Head Up display and Head Down
technologis is realized in future weapon systems. Author instruments. In a situation with high error rates, no subsidiary tasks

211



54 MAN/SYSTEM TECHNOLOGY AND LIFE SUPPORT

and with explicit exclusion of troubleshooting (i.e.. a best case), Some techniques that have been successful inflight are presented
results show a low error detection rate, long detection times and along with techniques for assessing workload for the purpose of
significant flying performance decrements while crossmonitoring aircraft certification. For individual titles, see N87-30055 through
Error detection performance is correlated not with the amount of N87-30069.
time spent crossmonitonng, but with the frequency at which the
pilot chooses to crossmonitor. Extrapolation from the results N87-30055# Ergometrics Technology, Inc., Dayton. OH.
suggests that, at least for the conditions o1 this experiment. IN-FLIGHT WORKLOAD ASSESSMENT USING EMBEDDED
crossmonitoring should occur every 22 to 23 sec to ensure SECONDARY RADIO COMMUNICATIONS TASKS
acceptable error detection. The evidence points clearly to the need CLARK A. SHINGLEDECKER In Advisory Group for Aerospace
to remove the crossmonitoring task from the pilot and make it an Research and the Practical Assessment of Pilot Workload p 1 t14
automated function for future aircraft. Author (SEE N87-30054 24-54) Jun. 1987

N87-29510# Centre d'Etudes at de Recherches de Medecine (AGARD-AG-282) Avail: NTIS HC A07/MF A01

Aerospatiale, Pans (France). The embedded secondary task methodology was developed

SOPHISTICATED INTEGRAL CONTROL METHODS FOR USE to improve the practical utility of dual task measures for intflight

IN FLIGHT [LES MOYENS DE COMMANDE INTEGRES workload assessment, while retaining many of the scientific

SOPHISTIQUES SERONT-ILS CONCUS POUR ETRE advantages associated with traditional laboratory secondary tasks.

UTILISABLES EN VOL) The concept of the embedded secondary task is based on the

J-P MENU, G. SANTUCCI. and R. AMALBERTI In AGARD. hypothesis that instrumentation limitations, task intrusion, and poor
Information Management and Decision Making in Advanced operator acceptance can be minimized by designing secondary
Airborne Weapon Systems 6 p (SEE N87-29503 24-06) Feb. tasks which are fully integrated with system hardware and with
1987 In FRENCH the crewmember's conception of the mission environment. By their

AGARD-CP-414) Avail: NTIS HC A14/MF A01 nature, such tasks are realistic components of crewstation activity.

The changing nature of display and control requirements for yet their performance can be manipulated and measured

modern aircraft and the various means by which information is independently of the primary activities of interest. While several

transferred to and from the pilot are reviewed. Some of the known classes of atrcrew activity are potential candidates for iscU w,

factors affecting human performance are discussed including: (1 and use as embedded tasks, radio communicati,.. tasks are

desaturation and contrast loss in electronically generated particularly suitable for this purpose. Su- tasks closely resemble

iformation during high illumination inflight conditions; (2) the effects the nonadaptive discrete secondary tasks used in numerous
of high acceleration on both foveal and peripheral presentations workload studies and have "uny properties of good measurement

of information: (3) manual control designs which obscure some tasks. Measurement techniques are described and examples of

settings when engaged; and (4) the improper labelling of display use are given along with limitations, Author

and control devices. The potential use of voice interactive control
devices, especially in overcoming problems inherent in multitask N87-30056# Douglas Aircraft Co., Inc., Long Beach. CA.
situations. is also discussed Finally, the relative merits of dedicate'i USE OF TASK TIMELINE ANALYSIS TO ASSESS CREW
and multifunctional displays and controls are examined alon with WORKLOAD
the theoretical causes of increased higher cognitiv, workloads G. STONE, R. K. GULICK. and R. F. GABRIEL In Advisory
required by multitunction devices. M.G. Group for Aerospace Research and the Practical Assessment of

Pilot Workload p 15-31 (SEE N87-30054 24-54) Jun 1987
N87-29516# Centre d'Etudes et (42 Pecherches de Medecine (AGARD-AG-282) Avail: NTIS HC A07/MF A01
Aerospatiale Paris (Francel Lab. Central de Biologie As systems have become more sophisticated, the role of
Aorospatiale. humans in operating and maintaining them has grown more
ORGANIZATION OF DISPLAYS IN THE VISUAL SPACE OF THE complex. There has been a steadily growing recognition that human
COMBAT A;RCRAFT PILOT [ORGANISATION DES characteristics, particularly limitations and abilities, must be
VISUALISATIONS DANS L'ESPACE VISUEL DU PILOTE considered in some depth in system design if design objectives
D'AVON DE COMBAT) are to be met. The size and role of the crew represent critical
J-P MENU and R. AMALBERTI /n AGARD, Information decisions. Mission performance has a direct relationship to the
Management and Decision Making in Advanced Airborne Weapon ability of the crew to carry out all of the required functions. The
Systems 12 p(SEE N87-29503 24-06) Feb. 1987 In FRENCH use of workload measures to assess the viability of a selected
(AGARD-CP.414) Avail: NTIS HC A14/MF A01 crew complement as well as other crew interfaces was considered.

The psychophysiological problems associated with the specific Several techniques are listed which are used to assess workload
organization of cockpit displays were examined through laboratory including task/timeline analysis measures It appears to be the
studies and pilot surveys. The response time associated with the most easily implemented and could meet most of the established
transition between head-up and head-down displays was measured criteria. A model was developed to utilize this workload measure
under various conditions. It was found that reduced transition times in the design, verification of design improvements, and certification
could be obtained through the use of intermediate display concepts. of recent aircraft. This approach is presented and discussed in
Illumination level and visual adaptation were identified as important detail. E.R
factors in the optimal integration of displays. M.G.

N87-30054# Advisory Group for Aerospace Research and N87-30057# Boeing Co., Seattle, WA.
Development, Neuilly-Sur-Seine (France). Flight Mechanics PILOT SUBJECTIVE EVALUATION OF WORKLOAD DURING A
Panel. FLIGHT TEST CERTIFICATION PROGRAMME
THE PRACTICAL ASSESSMENT OF PILOT WORKLOAD FRANK T RUGGIERO and DELMAR M. FADDEN In Advisory
ALAN H. ROSCOE. ed. (Britannia Airways Ltd., Luton, England ) Group for Aerospace Research and the Practical Assessment of
Jun. 1987 141 p Pilot Workload p 32-36 (SEE N87-30054 24-54) Jun. 1987
(AGARD-AG-282; ISBN-92.835-1546-3; AD-A184834) Avail: (AGARD-AG-282) Avail: NTIS HC A07/MF A01
NTIS HC A07/MF A01 To date there is no agreed upon definition of mental workload

Whether one is attempting to reduce workload in the cockpit and therefore there is no agreement on how it should be measured.
of a combat aircraft to improve mission effectiveness, or to optimise Thre" aspects of mental workload are agreed upon: it is a
workload levels on the flight deck of a civil airliner to improve multidimensional construct, a clear distinction must be maintained
safety, it is important to be able to assess workload in practical between imposed mental load (task load) and the mental load as
terms In the case of the civil transport aircra the findings of experienced (subjective load), and the use of subjective ratings
the President's Task Force on Crew Complement iiave underlined should be central to any investigation of workload. The Pilot
the need to assess workload in flight reliably in order to satisfy Subjective Evaluation (PSE) process developed in conjunction with
certification requirements for new aircraft. The main purpose nf the FAA is outlined which supplements the analytical, simulator.
this repri is in prnvide guidance for the assessment of pilot and flight test crew workload evaluation techniques used to
workload in practical situations. The various techniques available demonstrate compliance with the minimum crew size requirement
for assessing pilot workload are introduced and briefly reviewed, regulations. Author
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N87-30058# Deutsche Forschungsanstalt fuer Luft- und N87-30062'# National Aeronautics and Space Administration.
Raumeahrt, Brunswick (Germany. F.R.). Inst. for Flight Guidance. Langley Research Center, Hampton. VA.
THE USE OF SUBJECTIVE WORKLOAD ASSESSMENT IN-FLIGHT ASSESSMENT OF WORKLOAD USING INSTRUMENT
TECHNIQUE IN A COMPLEX FUGHT TASK SCAN
F. V. SCHICK and R. L. HANN (Aerospace Medical Research J. R. TOLE (Digital Analysis Corp.. Reston, Vs.) and R. L. HARRIS.
Labs., Wright-Patterson AFB, Ohio.) In Advisory Group for SR. In Advisory Group for Aerospace Research and the Practical
Aerospace Research and the Practical Assessment of Pilot Assessment of Pilot Workload p 56-59 (SEE N87-30064 24.54)
Workload p 37-41 (SEE N87-30054 24-54) Jun. 1987 Jun. 1987
(AGARD-AG-282) Avail: NTIS HC A07/MF A01 (AGARD-AG-282) Avail: NTIS HC A07/MF AOl

Techniques for measuring mental workload can be divided into During instrument flight, the pilot obtains information concerning
three basic categories: physiological, behavioral, and subjective, aircraft state by cross checking or scanning the flight instruments.
One particular technique belonging to the subjective group of The exact method of scanning the instrument panel vanes from
methods, which always use some form of operator sell-report (e.g., pilot to pilot but there are some basic features common to a
rating scales or questionnaires) is discussed. In order to deal with good scan pattern. The method discussed may be considered a
the undesirable properties of subjective methods, a procedure candidate for workload studies with piloting tasks which will invoke
known as the Subjective Workload Assessment Technique (SWAT) a regular visual scan (spatial/temporal pattern of eye movements)
was developed. In SWAT, subjective workload is defined as being during instrument flight. It is important to point out that instrument
composed of three dimensions: tirm load, mental effort load, and scan by itself is not a complete indicator of workload nor is task
psychological stress load. This methnd is introduced and attention necessarily associated with where the pilot happens to
dOs.ussed. E.R. be ;ooking at a particular instant. However. whenever instrument

scan is required in a piloting task, analysis of scanning iosavioi
may yield important direct or indirect information concerning
workload. Author

N87-30063# British Aerospace Dynamics Group, Hatfield
N87-30059# Illinois Univ., Urbana-Champaign. Dept. 01 (England). Test Pilots Office.
Psychology. FLIGHT TEST EVALUATION OF CREW WORKLOAD. PART 1:
WORKLOAD METHODOLOGY AIRCRAFT CERTIFICATION FOR A MINIMUM CREW OF TWO
EMANUEL DONCHIN and CHRISTOPHER D. WICKENS In PILOTS
Advisory Group for Aerospace Research and the Practical W. A. WAINWRIGHT In Advisory Group for Aerospace Research
Assessment of Pilot Workload p 42-43 (SEE N87-30054 24.54) The Practical Assessment of Pilot Workload p 60-68 (SEE
Jun. 1987 N87-30054 24-54) Jun. 1987
(AGARD-AG-282) Avail: NTIS HC A07/MF A018(-A0-AG-25) Jun. 1987

Thegoa oftheproose tehniue s t emloytwoconerg. AGARO-AG-282) Avail: NTIS HC A07/MF A0l
The goal of the proposed technique is to employ two converging The method developed to certificate the BAe 146 for operation

methodologies to track the workload changes during the ILS by a minimum crew of two pilots to regulations is described. The
approach to landing. The two methodologies, based upon the Event method is based primarily on subjective assessment of workload
Related Brain Potential (ERP) and the Sternberg Memory Search but employs objective data to support that assessment. All the
task, provides information that is both sensitive, detecting variations data were collected from one flying phase and no flight or ground
in resource demand when they occur, and diagnostic, localizing simulator assessments were performed, neither were the results
these changes within the multidimensional space underlying human correlated with any previous evaluation. The flight test evaluation
processing resources. Each of these techniqes are briefly used a variety of assessment methods, including practical
described. The ERP is a transient series of voltage oscillations in demonstration, qualitative and quantative subjective evaluation,
the brain that can be recorded from the scalp in response to the subjective comparison with similar aircraft types, and objective
occurrence of a discrete event, The Sternberg Memory Search physiological evaluation. All confirmed that the crew workload on
requires the pilot to identity whether or not a displayed character the BAe 146 was compatible with operation by a minimum crew
is one of a set of characters that is held in short term memory. of 2 pilots, This method is briefly discussed. Author

Author

N87-30064# Royal Air Force Strike Command, High Wycombe
(England).
MEASUREMENT OF AIRCREW WORKLOAD DURING
LOW-LEVEL FLIGHT. PART 1: A COMPARISON BETWEEN

N87-30061# Ergometrics Technology, Inc., Dayton, OH. IN-FLIGHT AND POST FLIGHT ASSESSMENT METHODS
CORTICAL EVOKED RESPONSE AND EYEBLINK MEASURES I. GAVIN LIDDERDALE In Advisory Group for Aerospace Research
IN THE WORKLOAD EVALUATION OF ALTERNATIVE LANDING The Practical Assessment of Pilot Workload p 69-77 (SEE
SYSTEM DISPLAYS N87-30054 24-54) Jun. 1987
R. D. ODONNELL and GLENN WILSON In Advisory Group for (AGARD-AG-282) Avail: NTIS HC A07/MF A01
Aerospace Research and the Practical Assessment of Pilot The results of a comparative study of the use of inflight and
Workload p 52-55 (SEE N87.30054 24-54) Jun. 1987 Prepared postflight methods of subjective workload assessments in a modem
in cooperation with Aerospace Research Labs., Wright-Patterson military combat aircraft are presented. The assessments were made
AFB, Ohio during a demanding low level flight task which was undertaken to
(AGARt-AG-282) Avail: NTIS HO A07/MF A01 assess workload and define crew cooperation procedures for pilot

Based on the results of a number of studies, it was decided and navigators during terrain following flight. The inffight workload
to construct a battery of physiological tests, each of which had assessments were made using a modified version of the
shown some promise in laboratory studies of being sensitive to Cooper-Harper scale which is referred to as the Bedford Scale.
various aspects of workload. This Neuropsychological Workload Posfflight ratings were made using a method of pairwise
Test Battery (NWTB) is undergoing validation testing in several comparisons based on a method reported by Sasty. Other
simulator environments. Two of the most promising measures from measures, including physiological recordings and voice tapes were
this battery are the transient cortical evoked response and several also taken du,., the trials f, provide additional data. From the
analyses of eyeblink behavior. It is becoming clear that these results of the trials. ;t -as found iat both methods of subjective
techniques can contribute complementary types of information on workload assessment produced similar results and a rank order
the amount of workload being experienced by the operator, and analysis gave high correlations. A hypothetical Recce/Atteck task
could form the basis of a measurement system which would tap for fast jet aircraft was chosen to illustrate the application of the
both global and specific aspects. Rationales are given for these workload measurement techniques described. The technique relies
techniques along with a description and examples of their use. on the use of subjective ratings scales and physiological measures

E.R. supported by voice recordings and flight data recordings. Author
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N8730066# Cranfield Inst. of Tech.. Bedford (England). Applied which is based on (normal) approach conditions for civil fixed
Psychology Unit. wing aircraft. The task conditions in this experiment are selected
THE ASSESSMENT OF WORKLOAD IN HELICOPTERS to serve as an operationally based framework for comparing
HELEN C. MUIR and ROBERT ELWELL In Advisory Group for different workload evaluation methods, for evaluating the effects
Aerospace Research and the Practical Assessment of Pilot of specific task conditions and for investigating the strategies
Workload p 83-89 (SEE N87-30054 24-54) Jun. 1987 needed for drawing final conclusions from a variety of outcomes.
(AGARD-AG-282) Avail: NTIS HC A07/MF A01 Atthor

In aviation an assessment of workload is often used as one
component in a program of research. The objective of the research N84-11668# Royal Netherlands Air Force, The Hague.
may vary from an assessment of the activities of the crew to an DEVELOPMENT, TESTING AND EVALUATION OF A NIGHT
evaluation of either cockpit modifications or operational changes. VISION GOGGLE COMPATIBLE BO-105 FOR NIGHT LOW
Thus workload assessments will form one of a series of stages in LEVEL OPERATION
the research. A model is presented in which the stages of the R. H. FRIEDERICY In AGARD, Rotorcraft Design for Operations
investigation which will proceed and follow the workload 8 p (SEE N88-11649 03-05) Jun. 1987
assessment are described. An application of this approach to the (AGARD-CP-423) Avail: NTIS HC A14/MF A0l
assessment of workload in helicopters is used to illustrate the With the recommended equipment package, it was
practical implications of the model. Author demonstrated that a BO-105 helicopter could be operated by

experienced helicopter pilots at low level at night over fairly
N87-30067# Airbus Industrie. Blagnac (France). unfamiliar terrain under adverse weather conditions. The helmet
ASSESSING WORKLOAD FOR MINIMUM CREW mounted night vision gogglpe (NVG) Owv ';'.ihi iw i vi
.,LRTIFICATION. PART 1; STATI;, WORKLOAD AN4ALYSIS AND capability. 1he third generation image intensifying tube (liT) added

PERFORMANCE ANALYSIS an extra darkness and reduced visibility margin. The blue NVG
J. J. SPEYER, A. FORT, J. P. FOUILLOT. and R. D. BLOMBERG cockpit lighting made easy monitoring of flight and engine
In Advisory Group for Aerospace Research and the Practical performance instruments possible and allowed the use of navigation
Assessment of Pilot Workload p 90-115 (SEE N87-30054 24-54) equipment. This greatly improved confidence and reduced
Jun, 1987 Prepared in cooperation with Centre de Recherches workload. Author
de Medecine Aeronautique. Paris (France) and Dunlap and
Associates. Inc., Norwalk, Conn. N88-19559# British Aerospace Public Ltd Co., Lancashire
(AGARD-AG-282) Avail: NTIS HC A07/MF AOl (England). Military Aircraft Div.

The critical importance of man machine interaction has been COMPUTER AIDED TACTICS FOR AIR COMBAT
recognized in the field of aircraft handling qualities. The recognition N. MITCHELL In AGARD. Advances in Air-Launched Weapon
that man machine interaction is part of a complex information Guidance and Control 11 p (SEE N88-19553 12-15) Dec. 1987
transfer process between pilots, the aircraft and ground facilities (AGARD-CP-431) Avail: NTIS HC A06/MF A01
is relatively new. Classical are the systematic methods for assessing In order to achieve maximum operational effectiveness with an
aircraft handling qualities, which inspired the approach to workload acceptable crew workload, the new generation of NATO fighter
assessment presented. Also classical topics in flight test are the aircraft will contain a significant degree of automation and computer
determination of static and dynamic stability, the former indicating support for the crew. One key area of support is computer aided
the tendency of an aircraft to return to its equilibrium position, the tactics, which help the crewman to assess the complex air battle
latter indicating the way an aircraft returns to its equilibrium position. situation, select appropriate targets. and plan the best method of
Analogous to the complementarity of these evaluations, the Static attack. A microcomputer tactical aid called MITAC is described.
Taskload and the Dynamic Workload Methods were developed. By computing a range of possible aircraft and missile flight paths
Both methods address particular workload functions and factors, and processing the results through a sequence of tactical flight
These methods are briefly described and discussed. Author rules, MITAC can offer the crewman useul advice on recommended

attacks and their consequences. It provides good insight into the
N87-30068"# National Aeronautics and Space Administration. sort of facility that could be available in the next generation of
Ames Research Center. Moffett Field, CA. fighter cockpits. Author
MEASUREMENT OF PILOT WORKLOAD
SANDRA G. HART In Advisory Group for Aerospace Research N8-20186# McDonnell-Douglas Helicopter Co.. Mesa. AZ.
and the Practical Assessment of Pilot Workload p 116-122 (SEE Engineering and Training Simulation.
N87-30054 24-54) Jun. 1987 REDUCING ROTARY WING AIRCRAFT DEVELOPMENT
(AGARD-AG-282) Avail: NTIS HC A07/MF A01 TIME/COST THROUGH THE USE OF SIMULATION

A multistage process for evaluating the workload of a five-minute S. RAMACHANDRAN, W. E. RICHESON, and D. C BORGMAN
segment of flight including approach and landing for a typical IM AGARD. Flight Vehicle Development Time and Cost Reduction
transport aircraft was described. The goal of the analysis was to 8 p (SEE N88-20173 12-81) Sep. 1987
compare the workload of the two pilots. Four types of measurement (AGARD-CP-424) Avail: NTIS HC A14/MF A01
techniques were suggested: Analytic (a preliminary task and time Advances in simulation technology have made man-in-the-loop
line analysis identified task requirements and target performance simulation highly capable, desirable and affordable for rotorcraft
levels); Performance (flight path control, communications, and design and development. Since the use of simulation as a design
interval production); Physiological (heart rate and heart rate tool is relatively new to the helicopter industry the U.S.
variability); and Subjective ratings (a multidimensional technique Army/McDonnell Douglas Helicopter Comoany \-,H-64A (Apache)
developed at NASA Ames). Author is used as an example to evd',ate Ine potential cost and time

savings realizable through the use of simulation. It is shown that
N87-30069# National Aerospace Lab., Amsterdam a modern full mission engineering simulator when used effectively
(Netherlands). could provide cost savings of several millions of dollars, and could
INVESTIGATION OF WORKLOAD MEASURING TECHNIQUES: reduce helicopter development and flight test by at least a year
A THEORETICAL AND PRACTICAL FRAMEWORK or two. The means to exploit the full potential of simulation during
RENE C. VANDEGRAAFF In Advisory Group for Aerospace rotorcraft design, development, and test are also discussed.
Research and the Practical Assessment of Pilot Workload p Author
123-130 (SEE N87-30054 24-54) Jun. 1987
(AGARD-AG-282) Avail: NTIS HC A07/MF A01 N88-27700# Royal Army Medical Coll., London (England).

A number of considerations involved in the setting up of an CAN CNV AMPLITUDE PREDICT ABILITY TO ACCOMPLISH A
investigation dealing with the problem of being able to draw DEMANDING TASK?
conclusions from a vanety of experimental measures in a complex PETER ABRAHAM In AGARD. Electric and Magnetic Activity of
task situation are discussed. Several implications are pointed Out, the Central Nervous System: Research and Clinical Applications
such as the problem of dealing with contradictory outcomes, the in Aerospace Medicine 2 p (SEE N88-27683 "1 51) Feb. 1988
designating of artefacts, and the problem of formulating final (AGARD-CP-432) Avail: NTIS HC At8/MF A01
conclusions with the (a priori) availability of a superior method for Increased Contingent Negative Variat-on (CNV) was related to
evaluating other methods. An experimental program is outlined attention, effort, and quick response to stimuli, while decreased

214



54 MAN/SYSTEM TECHNOLOGY AND LIFE SUPPORT

CNV amplitude was related to distraction, delayed reaction times. N88-28630# Aerospace Medical Research Labs.,
and disorder of mental or emotional functioning. These observations Wright-Patterson AFB. OH. Human Engineering Div.
suggest that CNV amplitude measured in the laboratory might be ENGINEERING DATA COMPENDIUM. HUMAN PERCEPTION
a useful predictor of an individual's ability to accomplish a AND PERFORMANCE, VOLUME I
demanding sensorimotor task under operational conditions. One KENNETH A. SOFF. ed. and JANET E. LINCOLN, ed. (Dayton
such task is the operation of a surface-to-air missile known as URNiv., OH) 1988 923 p Prepared in cooperation with NASA.
Blowpipe. Firing this weapon requires rapid responses to that Washington, ASD. Wright-Patterson AFB, OH, Human Engineering
information, under stressful conditions. It also requires auditory Labs., Aberdeen Proving Ground, MD. Human Systems Div., Brooks
stimuli emanating from the weapon. Thus firing operation is not AFB, TX, Army Research Inst. for the Behavioral and Social
unlike a CNV-generating situation. The Blowpipe training program Sciences, Alexandria. VA. Naval Training Systems Center, Ortando.
afforded an opportunity to test the usefulness of CNV measurement FL, Air Force Human Resources Lab., Wright-Patterson AFB. OH.
for predicting operational performance as assessed during the firing and AGARD, Neuilly-Sur-Seine, France
of real missiles on a testing range. It was hypothesized that low (LC-87-1950) Avail: NTIS HC A99/MF E03 CSCL OSH
laboratory CNV amplitude would predict unsuccessful Blowpipe The concept underlying the Engineering Data Compendium was
firing and vice versa. The CNV amplitude was measured in 75 the product an R and D program (Integrated Perceptual Information
soldiers engaged in training as missile operators. Sixty-nine subjects for Designers project) aimed at facilitating the application of basic
completed the qualifying course and fired real missiles. Those research findings in human performance to the design of military
who showed poor firing performance had CNV amplitudes at the crew systems. The principal objective was to develop a workable
extremes of the range. Selection strategies are discussed, strategy for: (1) identifying and distilling information of potential

Author value to system design from existing research literature, and (2)
presenting this technical information in a way that would aid its
accessibility, interpretaoility. and applicability by system designers.
The present four volumes of the Engineering Data Compendium
represent the first implementation of this strategy. This is Volume

N88-27704# Aerospace Medical Research Labs., 1, containg sections on Visual Acquisition of Information. Auditory
Wright-Patterson AFB, OH. Human Engineering Div. Acquisition of Information, and Acquisition of Information by Other
FIGHTER PILOT PERFORMANCE DURING AIRBORNE AND Senses. F.M.R
SIMULATOR MISSIONS: PHYSIOLOGICAL COMPARISONS NW28831# Aerospace Medical Research Labs.,
JUNE J. SKELLY. BRADLEY PURVIS. and GLENN WILSON In Wrgh-atero Aeospa Meing Reh b
AGARD, Electric and Magnetic Actvity of the Central Nervous WNght-PattErsn AFB, OH. Human Engineering Div.
System: Research and Clinical Applications in Aerospace Medicine AND PERFORMANCE, VOLUME 2
18 p (SEE N88-27683 21-51) Feb. 1988 KENNETH R. BOFF. ad. and JANET E. LINCOLN, vd. (Dayton
(AGARD-CP-432) Avail: NTIS HC A18/MF A01 Univ., OH) 1988 977 p Prepared in cooperation with NASA,

The growing importance of simulators for training, research, Washington, ASO, Wright-Patterson AFB. OH, Human Engineering
and certification focuses attention on how little is known about Labs., Aberdeen Proving Ground. MD, Human Systems Dv.. Brooks
whether the behavioral Outcomes obtained in a simulator really AFb., TX. Army Research Inst. for the Behavioral and Social
represent the operational situation. The research addresses this Sciences, Alexandria. VA, Naval Training Systems Center, Orlando.
issue, and proposes that use of physiological measures to examine FL, Air Force Human Resources Lab.. Wright-Patterson AFB. OH,
the correspondence between pilot responses during actual missions and AGARD, Neuilly-Sur-Sene, France
and comparable simulated missions. Physiological measures of (LC-87-19560) Avail: NTIS HC A99/MF E04 CSCL 05H
electrical brain activity. heart rate, and eye movements were taken The concept underlying the Engineering Data Compendium was
while pilots flow tactical training missions in both the A-7 aircraft the product of a Research ard Development program (Integrated
and simulator. These measures did discriminate between: flight Perceptual Information for Designers project) aimed at facilitating
position (wing vs lead); actual and simulated flight: type of mission the application of basic research findings in human performance
event (e.g.. takeoff, maneuvers, weapons delivery), and individual to the design of military crew systems. The principal objective
pilots. Author was to develop a workable strategy for: (1) identifying and distilling

information of potential value to system design from existing
research literature, and (2) presenting this technical information in
a way that would aid its accessibility, interpretability, and
applicability by system designers. The present volumes of the

NSE-27749# Aerospace Medical Research Labs.. Engineering Data Compendium represent the first implementation
Wright-Patterson AFB, OH. Human Engineering Div. of this strategy. This is Volume 2, which contains sections on
ENGINEERING DATA COMPENDIUM. HUMAN PERCEPTION information Storage and Retrieval, Spatial Awareness. Perceptual
AND PERFORMANCE. USER'S GUIDE Organization, and Attention and Allocation of Resources. F M.R
KENNETH R. BOFF, ed. and JANET E. LINCOLN, ad. (Dayton
Univ., OH) t988 142 p Prepared in cooperation with NASA, N88-28632# Aerospace Medical Research Labs..
Washington, ASD, Wright-Patterson AFB, OH, Human Engineering Wright-Patterson AFB, OH. Human Engineering Div.
Labs., Aberdeen Proving Ground. MD, Human Systems Div., Brooks ENGINEERING DATA COMPENDIUM. HUMAN PERCEPTION
AFB, TX, Army Research Inst. for the Behavioral and Social AND PERFORMANCE, VOLUME 3
Sciences, Alexandria, VA, Naval Training Systems Center, Orlando. KENNETH R. 8OFF, ed. and JANET E. LINCOLN, ad. (Dayton
FL, Air Force Human Resources Lab., Wright-Patterson AFB, OH. Univ., OH) 1989 860 p Prepared in cooperation with NASA,
and AGARD, Neuilly-Sur-Seine. France Washington, ASD. Wright-Patterson AFB, OH, Human Engineering
fLC-87-19560) Avail: NTIS HC A07/MF A01 CSCL 05H Labs., Aberdeen Proving Ground, MD, Human Systems Div.. Brooks

The concept underlying the Engineering Data Compendium was AFB, TX, Army Research Inst. for the Behavioral and Social
the product of a research and development program (Integrated Sciences, Alexandria, VA, Naval Training Systems Center, Orlando.
Perceptual Information for Designers project) aimed at facilitating FL. Air Force Human Resources Lab., Wright-Patterson AFB. OH,
the application of basic research findings in human performance and AGARD, Neuilly-Sur-Sene, France
to the design and military crew systems. The principal objective (LC-87-19560) Avail: NTIS HC A99/MF E03 CSCL 05H
was to develop a workable strategy for: (t) identifying and distilling The concept underlying the Engineering Data Compendium was
information of potential value to system design from the existing the product of a research and development program (Integrated
research lteralure, and (2) presenting this technical information in Perceptual Information for Designers project) aimed at facilitating
a way that would aid its accessibility, interpretability, and the application of basic research findings in human performance
applicability by systems designers. The present four volumes of to the design of military crew systems. The pnncipal objective
the Engineering Data Compendium represent the first was to develop a workable strategy for: (1) identifying and distilling
implementation of this strategy. This is the first volume, the User's information of potential value to system design from existing
Guide. containing a description of the program and instructions research literature, and (2) presenting this technical information in
for its use. F.M.R a way that would aid its accessibility, interpretability, and
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applicability by system designers. The present four volumes of NS-29295# Societe pour rEquipment des Vehicules, Gosselies
the Engineering Data Compendium represent the first (Belgium). Service des Essais en Vol.
implementation of this strategy. This is Volume 3. containing GENERAL OPERATIONAL AND TRAINING VISUAL
sections on Human Language Processing, Operator Motion Control, CONCERNS
Effects of Environmental Stressors, Display Interfaces. and Control 0. AGNEESSENS In AGARD. Visual Effects in the High
Interfaces (Real/Virtual). F.M.R. Performance Aircraft Cockpit 17 p (SEE N88-29291 23-54) Apr.

1988 Prepared in cooperation with Societe Anonyme Beige de
Constructions Aeronautiques, Brussels, Belgium

N88-29291# Advisory Group for Aerospace Research and (AGARD-LS-156) Avail: NTIS HC A07/MF AOl

Development. Neuilly-Sur-Seine (France). Aerospace Medical After having stated all the requirements for man-machine
Pfanel interface in modern cockpits, taking into account all the operational

VISUAL EFFECTS IN THE HIGH PERFORMANCE AIRCRAFT requirements, and also the physiological and environmental

COCKPIT constraints, the emphasis is put on visual displays, more precisely
Apr. 1988 149 p Lectures held in Brussels, Belgium, 28-29 on the heads-up display (HUD). How they are realized. the
Apr. 1988. in Copenhagen, Denmark, 2.3 May 1988. in Ankara, information which is prese-ted to the pilot and the physiological
Turkey, 5-6 May 1988, and in Athens, Greece, 9-10 May 1988 problems encountered are discussed such as: effects of G and
(AGARD-LS-156; ISBN92-835-0456-9; AD-A199306) Avail: NTIS vertigo. For the latter, the most often cited causes of vertigo are

HC A07/MF A01 studied. New systems are also cited such as Helmet Mounted

Vision is the key sensory mode by which a pilot receives the Display (HMD) or Night Vision Goggles (NVG). Both are still under
vast majority of the information required to successfully fly the development. The need for simulators and the physiological

aircraft and accori.phs, ns mission. Visual information is received problems associated with their use are addressed. Author

both directly (viewing through the windscreen, heads-up display
and visor) and indirectly (viewing instruments, graphics displays N68-29296# Royal Netherlands Air Force. Zeist.

and imaging displays) in a continuous stream. The ability of the MAINTENANCE OF VISION-RELATED COMPONENTS

pilot to perceive, assimulate and act on this vast amount of visual J. M. HARTS In AGARD, Visual Effects in the High Performance

information greatly depends on the quality of the presentation of Aircraft Cockpit 11 p (SEE N88-29291 23-54) Apr. 1988
this information. There are many factors that can reduce the (AGARD-LS-156) Avail: NTIS HC A07/MF AOl

effective visual capability of the pilot. Many of these factors are Visual obtained information is of the highest importance for

presented and their effect on vision and visual performance are the pilot to fulfill his mission or in some cases to survive. Though

discussed. For individual tiftes, see N88-29292 through the pilot is offered more and more information by audio-means.
N88-29299. for example aircraft-warnings, the eyes of the pilot are his most

important source of information. Through maintenance of
vision-related components it can be assured that needed
information can reach the pilot undamaged. Within the Royal

N88-29292# Royal Air Force Inst. Of Aviation Medicine, Netherlands Airforce this maintenance encloses mainy cleaning,
Farnborough (England). checking, and replacement of the vision-related component. As
VISION AND VISUAL PROTECTION IN FAST JET AIRCRAFT part of checking and replacement of the Head-Up Display
D. H. BRENNAN In AGARD, Visual Effects in the High boresighting is essential to assure a proper mounting, needed for
Performance Aircraft Cockpit 13 p (SEE N88-29291 23-54) Apr accurate weapon-delivery. Author
1988
(AGARD-LS-156) Avail: NTIS HC A07/MF A01 N88-29297# Aerospace Medical Research Labs,

Aircrew flying fast lets such as the F-t6 require high visual Wright-Patterson AFB, OH, Human Engineering Div.
standards in order to be able to react quickly to tactical and NIGHT LIGHTING AND NIGHT VISION GOGGLE
emergency situations within their environment. The basic visual COMPATIBILITY
physiology of importance in flight is discussed together with the ALAN R. PINKUS In AGARD, Visual Effects in the High
visual standards and associated test methods that are necessary Performance Aircraft Cockpit 16 p (SEE N88-29291 23-54) Apr.
for optimum performance. The hazards of solar radiation are 1988
reviewed together with suggestions for the optical and spectral (AGARD.LS-156) Avail: NTIS HC A07/MF A01
quality of visors and corrective eyewear. Author Proper lighting of aircraft instruments, panels, controls,

indicators, and displays is essential in high performance aircraft
The lighting must be useable over a large range of ambient

NE8-29293# Royal Danish Air Force, Volens. conditions; especially during dawn or dusk transitions and at night.
VISUAL RELATED ACCIDENTS/INCIDENTS It must be uniform, have low glare, and be continuously dimmable
L. SIMONSEN In AGARD, Visual Effects in the High Performance to very low luminance levels, so the pilot can become partially
Aircraft Cockpit 8 p (SEE N88-29291 23-54) Apr. 1988 dark adapted for good, out-of-the-cockpit vision. Various aspects
(AGARD-LS-156) Avail: NTIS HC A07/MF A0t of cockpit lighting such as intensity levels, contrast, luminance

Man has evolved as a creature intended to walk on two feet and color uniformity, red versus white versus blue-green general
on the surface of the earth, but has acquired the skill to construct lighting, color coding, and other parameters are discussed. Daytime
machines which enables him to fly. The process has required this lighting requirements will be noted throughtout because they are
basic man to learn, by training, some necessary skills for adapting an important part of the overall design of the lighting system A
his sensory systems. This sensory adaptation is rather fragile and special area of interest is night vision goggle compatible cockpit
will under situations of stress break down and cause accidents or lighting. As night missions evolve, night vision goggles (NVGs)
incidents, Based on accidents/incidents, the different break down are being used with greater frequency. The characteristics and
modes of man's visual sensory system in the high pertormance usage of NVGs are overviewed. Methods of achieving night vision
aircraft cockpit are discussed. Author goggle compatibility in the cockpit using filtered incandescent

lamps. external bezels, floodlighting, light emitting diodes,
electroluminescent lamps, microlouver material, and black flight

NS-29294# Aerospace Medical Research Labs., suits are described. Author
Wright-Patterson AFB, OH. Human Engineering Div.
VISION THROUGH AIRCRAFT TRANSPARENCIES N88-28298# Aerospace Medical Research Labs.,
H. LEE TASK In AGARD, Visual Effects in the High Performance Wright-Patterson AFB, OH.
Aircraft tockpit 14 p (SEE N88-29291 23-54) Apr. 1988 DISPLAY SYSTEM IMAGE QUALITY
(AGARD-LS-156) Avail: NTIS HC AO7/MF A01 ALAN R. PINKUS and H. LEE TASK In AGARD. Visual Effects

The primary purpose is to discuss in detail the optical and in the High Performance Aircraft Cockpit 17 p (SEE N88-29291
visual effects of aircraft transparencies including windscreens, 23-54) Apr. 1988
canopies, head-up display (HUD) combiners, and visors. The (AGARD-LS-156) Avail: NTI3 HC A07/MF A0l
majority of the paper will leat aircraft windscreens and canopies High performance aircraft employ several types of display
with pnmary emphasis on high performance aircraft Author systems including panel-mounted cathode-ray tube (CRT) displays,
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head-up displays (HUDS), and helmet-mounted displays (HMDs). NS8-29741# Pisa Univ. (Italy). Dipartimento di Ingegnena
These may be used to produce imagery from onboard sensors or Aerospaziale.
to provide information in a symbolic format. There are a number THE OPTIMAL CONTROL PILOT MODEL AND APPLICATIONS
of parameters that are used to characterze these displays such MARtO INNOCENTI In AGARD. Advances in Flying Qualities 17 p
as resolution, contrast ratio, luminance, number of gray shades, (SEE N88-29735 24-01) May 1988
line rate, interlace ratio, bandwidth, and modulation transfer (AGARO-LS-157) Avail: NTIS HC A09/MF A01
functions. In the case of the HUDs and HMDs, there are other The modeling of the human pilot behavior plays an important
parameters that further describe the display such as distortion, role in the preliminary analysis of aircraft handling qualities. This
transmittance, field of view, exit pupil diameter, vergence, and is especially true when the designer is confronted with
field curvature. These systems, the measurement of various nonconventional aircraft dynamics, tasks and/or lack of sufficient
parameters, and how they affect the quality of the display system handling qualities data base. One modeling technique is reviewed
are described. In addition, methods will be presented that combine which was developed in the early 1970's and has been widely
the display parameters with human visual system characteristics used since then: the optimal control model of the human pilot.
to produce image quality metrics that are related to operator The model has been validated in a number of tasks and used in
performance. Author the analysis as well as the synthesis of manual control loops.

The capabilities of the model are evaluated in the pilot rating
NBS-29299# Societe pour I'Equipment des VehicJles, Gosselies prediction, in the analysis and in the synthesis of pilot/vehicle
(Belgium). control loops from the handling qualities standpoint. Author
FUTURE VISUAL ENVIRONMENT AND CONCERNS
D. AGNEESSENS In AGARD, Visual Effects in the High N89-18009# Advisory Group for Aerospace Research and
Performance Aircraft Cockpit 14 p (SEE N88-29291 23-54) Apr. Development, Neuilly-Sur-Sene (France). Guidance and Control
1988 Prepared in cooperation with Societe Anonyme Beige de Panel.
Constructions Aeronaugiques, Brussels. Belgium THE MAN-MACHINE INTERFACE IN TACTICAL AIRCRAFT

(AGARD-LS-156) Avail: NTIS HC A07/MFA01 DESIGN AND COMBAT AUTOMATION

Visual displays play an important role in the cockpit, where Jul. 1988 296 p In ENGLISH and FRENCH Symposium held

the information coming from various sensors is presented to the in Stuttgart, Fed. Republic of Germany, 28 Sep. - 1 Oct. 1987
aircrew. after processing by computers. A classification of the (AGARD-CP-425; ISBN-92-835-0471-2) Avail: NTIS HC A13/MF
displays is done, considering the needs in modern cockpit A01
architecture, where different systems are possible according to Twenty-via unclassified papers of the 31 given at the symposium
the mission envisaged. For daylight operations, HMD/S or FLIR are presented. The papers were presented under the following
systems are considered, with their advantages but also their headings: Combat scenarios and mission segment requirements,
shortcomings and limitations. For night operations, NVG, LLLTV, Human capabilities and limitations: Technological capabilities and
or FLIR systems are assessed, and the current problems discussed, limitations concerning situations awareness; Technological
The protection of the eyes of the aircrew against intense sources capabilities and limitations of combat automation: Crew station

of light, such as laser or nuclear flash, is also considered briefly, implementation, and System integration. For individual titles, see
Author N89-18010 through N89-18034.

N89-18010# Test Wing (6510th), Edwards AFB, CA.
N88-29736# Systems Technology, Inc., Hawthorne, CA. MISSION PLANNING AND PROPER DESIGN: THE LONG RANGE
PILOT MODELING CONNECTION
DUANE T. MCRUER In AGAREr, Advances in Flying Qualities GARY W. MATTHES In AGARD, The Man-Machine Interface in
30 p (SEE N88-29735 24-01) May 1988 Tactical Aircraft Design and Combat Automation 4 p (SEE
(AGARO-LS-t57) Avail: NTIS HC A09/MF A01 N89-18009 10-54) Jul. 1988

A descnption is presented of pilot control behavior in general. (AGARD-CP-425) Avail NTIS HC A13/MF AOl
The essential features of pilot dynamics are emphasized for closed Mission planning in tactical fighter operations is as important
loop control of an aircraft. The crossover model is presented as today as it was in any tactical operations of the past The mission
the simplest and most useful model for the majority of flying qualities planner's task, whether performed by a pilot or a system operator.
analyses. Two models are developed in some detail: a structural can be made easier and less susceptible to errors if designers
isomorphic form which accounts for some human subsystems as understand the planners task and design to both move the workload
well as the total input output behavior, and an algorithmic optimal to the planning room and minimize planning by proper choice of
control model which attempts to mimic the pilot's total response operational modes and aircraft sensors. There is a special
only. Both full and divided attention conditions are treated, connection between planning requirements and the design of the

Author avionics suite to include its cockpit layout in a tactical fighter
However, this relationship should not be a simple function: ie.

N8S-29737# Systems Technology. Inc., Hawthorne. CA. cockpit workload should not decrease at the expense of ever
PILOT MODELING APPLICATIONS increasing preflight workload. The move should always be to design
IRVING L. ASHKENAS In AGARD. Advances in Flying Qualities cockpits and avionics that move as many functions as possible to
38 p (SEE N88-29735 24-01) May 1988 the preflight planning room thus easing the pilots inflight duties
(AGARD-LS-157) Avail: NTIS HC A09/MF A01 and allowing him to focus on flying the craft and keeping abreast

The role of pilot opinion and rating in defining flying qualities, of the tactical situation. One man's opinion is presented of the
and the pilot adapted control behavior that impinges on such ratings importance of mission planning, now and in the future. This opinion
are delineated and discussed. This is preparatory to the exemplary was formed over 22 years of flying a wide variety of tactical
application of frequency domain pilot models to the examination fighters. Author
and elucidation of a variety of flying qualities situations. This
examination starts with single loop situations which progress in N89-18011# Defence Medical Services Directorate. London
complexity; and then shifts to multiple loop cases, which also (England).
progress in complexity. This succession is designed to increasingly HUMAN LIMITATIONS IN FLIGHT AND SOME POSSIBLE
reveal the basic pilot centered requirements for good flying qualifies. REMEDIES
Such requirements, which stem from easily achieved pilot adaption D. C. READER In AGARD, The Man-Machine Interface in Tactical
and good resulting closed loop responses, are more generally Aircraft Design and Combat Automation 8 p (SEE N89-18009
applicable to new unknown situations than are classical 10-54) Jul. 1988
requirements on the open loop controlled element dynamic )AGARD-CP-425) Avail: NTIS HC A13/MF A01
parameters. However, the latter do in fact influence the ease of The hiodynamic effects of high speed flight can produce sudden
piloted closure and the resulting closed loop responses so, when loss of consciousness without warning whereas most aircrew are
property expressed in terms of characteristics in the projected used to the prodromal loss of vision. New advances in the anti G
crossover frequency region, may also achieve a degree of systems design can improve G tolerance but training is foreseen
generality. The pilot centered requirements illustrated by the as the short term answer to this problem. Amongst the
examples are collected and biefly discussed. Author environmental stresses that limit performance are thermal, vibration,

217



54 MAN/SYSTEM TECHNOLOGY AND LIFE SUPPORT

noise and NBC defence. Personal conditioning is of benefit under controls and displays, situational awareness, task complexity,
high thermal stress, active noise reduction can limit the reduction surviability, and safety. Two different subjective workload metrics
of noise at the ear and NBC defensive ensembles protect againt (supplemented by structured interviews) are used: the subjective
NBC agents. The design of the man machine interface can both workload assessment technique, and a modified Cooper-Harper
enhance and detract from crew performance in flight. Head up type scale tailored for this application through the inclusion of a
displays, night goggles, helmet mounted displays, computer performance factor. E R.
graphics, digital maps and integrated sensor displays can be viewed
as new features which greatly increase mission capability. Finally, N89-18015# National Aerospace Lab., Amsterdam
cockpit and system automation offers the chance of significant (Netherlands).
advances in cockpit design as management tasks can be CONSIDERATIONS CONCERNING THE ASSESSMENT OF
completely relegated to the electronic crew member, leaving the PILOT WORKLOAD FOR COMPLEX TASK CONDITIONS
human as the ultimate decision maker involvea only when R. C. VANDEGRAAFF In AGARD. The Man-Machine Interface
absolutely necessary. Author in Tactical Aircraft Design and Combat Automation 15 p (SEE

N89-18009 10-54) Jul. 1988
N89-18012# School of Aerospace Medicine. Brooks AFB. TX (AGARD-CP-425) Avail: NTIS HC A13/MF A01
THE PILOT IS NOT THE LIMITING FACTOR IN HIGH Workload research has led to the development of various
PERFORMANCE AIRCRAFT measures, mostly concerning difference aspects of task workload.
R. R. BURTON and W. C. ALEXANDER In AGARD, The A number of ways concerning the problem of being able to draw
Man-Machine Interface in Tactical Aircraft Design and Combat conclusions from a variety of experimental measures in a complex
Automation 10 p (SEE N89-18009 10-54) Jul. 1988 task situation are discussed. Several implications are pointed out,
(AGARD-CP-425) Avail: NTIS HC A13/MF A01 such as the problem of dealing with contradictory outcomes, the

The physiologic requirements to validate a *G sub z tolerance designating of artefacts, and the problem of formulating final
model based on arterial pressure (Pa), eye-heart vertical distance conclusions without the availability of a superior method for
(h). and hydrostatic pressure (P sub H) are investigated. Venous evaluating other methods. These considerations were examined
return (VR) and intrathoracic pressure (P sub I) are considered in detail in an inflight study concening the assessment of pilot
the maior physiologic parameters involved in supporting this model workload under various instrument approach conditions. The
at levels above 9 G. Venous return was determined to be adequate findings are compared with the results of a former inflight
to support Pa during either relaxed lower level G tolerance or experiment dealing with pilot workload. A discussion is given of
high sustained G. Some concern exists regarding VR during long the results consisting of subjective ratings, physiological measures,
luration G exposures, because of the delayed compliant nature and task performance measures. A strategy is discussed dealing
of veins. P sub I, the physiologic basis for the anti G straining with the formulation of final conclusions. Author
maneuver (AGSM). was found to be a function of inspiratory volume
(V sub I); and therefore, as the subject is reclined to reduce h, N89-18016# Aerospace Medical Research Labs.
the reduction in V sub I prevents a maximum AGSM limiting Wright-Patterson AFB, OH.
tolerance to 15 G. On the other hand, pilot pronation may not ADVANCES IN WORKLOAD MEASUREMENT FOR COCKPIT
limit V sub I, and higher G tolerance may be possible. Fatigue DESIGN EVALUATION
was recognized as an important dimension of G tolerance and, MARIS M VIKMANIS In AGARD. The Man-Machine Interface in
as such. was examined as a limiting physiologic function at high Tactical Aircraft Design and Combat Automation 10 p (SEE
sustained G. Primarily, because of the functional coupling between N89-18009 10-54) Jul. 1988
G-level and G-duration tolerances, if one is not G tolerance limiting, (AGARD-CP-425) Avail: NTIS HC A13/MF A01
neither is the other Author The stressful mission environment for tactical aircrall in the

N89-16013# British Aerospace Public Ltd Co., Bristol 1990's will require improved integration of pilot and machine to
(England). assure successful operations. Research has focused on the
A MODEL TO PREDICT VISUAL PERFORMANCE AT THE development of quantitative pilot performance and workload
MAN-DISPLAY INTERFACE IN THE COCKPIT measures. Improved methods for defining pilot functions, tasks.
DIANA F. JOHNSON In AGARD, The Man-Machine Interface in and performance variables were developed along with test design
Tactical Aircraft Design and Combat Automation 8 p (SEE and data analysis techniques to support cockpit evaluations
N89-18009 10-54) Jul 1988 Significant advances in the measurement of workload were made
(AGARD-CP-425) Avail: NTIS HC A13/MF A01 using subjective and neurophysiological techniques. Research on

Some of the problems are summarized which are typically measures of pilot situation awareness and decision making, critical
encountered when viewing displays in the military cockpit. It is toward understanding the pilot interface with automated systems,
suggested that design and development of display configurations is underway. The approach has been to establish a solid base of

can be made quicker, cheaper, and more effective than present tab research followed by the test and evaluation of measurement

methods by using mathematical models of the man display interface techniques n complex flight simulators and then actual flight

to predict visual performance. The requirerrvnts for such models experiments. Author
are discussed. A state of the art model which was developed at
British Aerospace is reviewed. The model comprises spectral N89-18017# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
manipulation routines to calculate how the emission spectrum from (Germany. F.R.). Helicopter and Military Aircraft Group.
a display is modified before reaching the eye, together with a MODING STRATEGY FOR COCKPIT DATA MANAGEMENT IN
psychophyx cal v.sion modal which provides an objective measure MODERN FIGHTER AIRCRAFT
of visibility, The benefits of using such a model are described, R. SEIFERT and H. NEUJAHR In AGARD, The Man-Machine
Finally. suggeslions are made for future work to extend the present Interface in Tactical Aircraft Design and Combat Automation 8 p
models. Author (SEE N89-18009 10-54) Jul. 1988

(AGARD-CP-425) Avail: NTIS HC AI3/MF A01
N89-18014# Air Force Flight Test Center. Edwards AFB, CA, A method for moding strategy of cockpit data management in
PILOT WORKLOAD ASSESSMENT: A FLIGHT TEST fighter aircraft has been extended to include assessment of access
APPROACH time allowed for information elements and control and differentiation
REGINA M. PAPA and JANICE R. STOLIKER In AGARD, The of the mission tasks according to demand type (importance,
Man-,fachine Interface in Tactical Aircraft Design and Combat frequency of use). This method developed so far renders the
Automation 12 p (SEE N89-18009 10-54) Jul 1988 Previously operational requirement for the cockpit moding. The steps of
announced in IAA as A88-38716 specifying the cockpit moding are as yet not so well defined. That
(AGARD-CP-425) Avail: NTIS HC A13/MF A01 is why the term moding strategy is used instead of method in the

The present methodology for the assessment of the pilot title, The method of derivil the operational requirements and the
workload effects of integration between a fighter aircraft and a subsequent tasks to be performed within the process of cockpit
specialized sensor augmentation system, with a view to the moding are examined. The design driving mission is not detailed.
question of single seat cockpit effectiveness is descnbed. It also The criteria applicable to define and breakdown missions in different
allows the collection of subjective data pertinent to issues of cockpit scenarios are dealt with elsewhere. Author
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N89-18018# Aeritalia S.p.A., Caselle Tornese (Italy). Gruppo N89-18022# Dassault-Breguet Aviation, Saint Cloud (France)
Sistemi Avionici ad Equipaggiamenti EXPERT SYSTEM MAN-MACHINE INTERFACE FOR A COMBAT
A MAN-MACHINE INTERFACE SOLUTION: THE EAP GLARE AIRCRAFT COCKPIT
SHIELDS JEAN SAULAIS and PIERRE LARROQUE In AGARD, The
LUIGINO BONETTO and GIANFRANCO TERRANDO In AGARD. Man-Machine Interface in Tactical Aircraft Design and Combat
The Man-Machine Interface in Tactical Aircraft Design and Combat Automation 7 p (SEE N89-18009 10-54) Jul. 1988 In FRENCH;
Automation 9 p (SEE N89-18009 10-54) Jul. 1988 ENGLISH summary
(AGARD.CP-425) Avail: NTIS HC A13/MF A01 (AGARD-CP-425) Avail: NTIS HC A13/MF A01

Continuous improvements in capabilities of military aircrafts Through developing navigation and attack systems on combat
require sophisticated navigation, communication and weapon aircraft and by analyzing the new operational concepts, an ever
systems. In the mean time pilots are required to interact with increasing workload is required from the pilot. An important part
these systems by using data entry facilities or synthetic data of the workload lies in getting the management information to the
displays. Control panels using traditional push buttons with fixed pilot. In case of very low level flying, getting this information
legend cannot be flexible enough to meet these new requirements. becomes especially tight; the pilot cannot divert his attenion from
An original solution is presented to control the systems through outside the cockpit to watch over the vehicle and its systems.
an integrated alphanumeric keyboard facility using custom push For this reason, modem fighter cockpit are already oriented toward
botton matrix with programmable LED display legend. Design and using head-up terminals for displaying builltup information.
development activities were carried out; two pieces of equipment Enhancements were made on displays in order to increase the
named LEFT and RIGHT GLARE SHIELDS are now operational capacity of collimated data. In addition, synthetic voice warnings
on the EAP demonstrator. Author are already used and day after day, the pace of speech processing

is increasing. Expert systems are being studied for the purpose of
operating at two levels, depending both on its importance with

N89-18019# Air Force Avionics Lab., Wright-Patterson AFB, respect to the mission and on the workload inferred by the expert
OH. system in the different steps of the mission. Author
PANORAMIC COCKPIT CONTROL AND DISPLAY SYSTEM
(PCCADS) N09-18023# Centre d'Essais en Vol, Istres (Frace).

N. SCHWARTZ and EUGENE ADAM (McDonnell Aircraft Co., St. LESSONS LEARNED FROM THE USE OF NEW COMMAND
Louis, MO.) In AGARD, The Man-Machine Interface in Tactical SYSTEMS [ENSEIGNEMENTS TIRES DE LUTILISATION DE
Aircraft Design and Combat Automation 10 p (SEE N89-18009 NOUVEAUX SYSTEMES DE COMMANDE)
10-54) Jul. 1988 JACQUES ROSAY In AGARD, The Man-Machine Interface in
(AGARD-CP-425) Avail: NTIS HC A13/MF A01 Tactical Aircraft Design and Combat Automation 7 p (SEE

A real time, pilot interactive demonstration and test of a large N89-18009 10.54) Jul. 1988 In FRENCH

area fighter cockpit display was conducted. The test of this large (AGARD-CP-425) Avail: NTIS HC A13/MF A01
area, full color display was conducted in a mock-up cockpit at a The general informatization of combat aircraft has allowed the
simulation facility. This display used essentially the entire instrument introduction of radically new cabin architectures and command

panel area to present a moving map with symbology and other systems. In these new interfaces, the information that is exchanged

information overlain and also presented ser.sor imagery and other between the pilot and machine can undergo processig and take

information as required. The information presented could be on various forms. The range of possibilities for these processing
customized for a particular mission phase or other need. A touch techniques and forms is vitually limitless. Expenences in the use
sensitive display as well as other advanced control concepts were of certain system elements -- screens, control boards, voice
also demonstrated in conjunction with the large area display. This command systems, and ergonomically adapted displays are
display and control concept simplifies and automates many of the discussed along with various physical and mental human-factors
control and display functions for the pilot of an advanced fighter considerations. Author
aircraft. The results of demonstration and testing with ten pilots N89-18024# Aerospace Medical Research Labs.
are presented. Author Wright-Patterson AFB, OH. Visual Display Systems Branch

DESIGN CONSIDERATIONS FOR VIRTUAL PANORAMIC
DISPLAY (VPD) HELMET SYSTEMS

N89-18020# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich DEAN F. KOCIAN In AGARD, The Man-Machine Interface in
(Germany, F.R.). Tactical Aircraft Design and Combat Automation 32 p (SEE
MULTISENSOR TARGET RECONNAISSANCE N89-18009 10-54) Jul. 1988
G. BAUER In AGARD. The Man-Machine Interface in Tactical (AGARD-CP-425) Avail: NTIS HC A13/MF A01
Aircraft Design and Combat Automation 5 p (SEE N89-18009 Some of the fundamental performance and design parameters
10-54) Jul. 1988 that 'Should be considered for the successful evolution and
(AGARD-CP-425) Avail: NTIS HC A13/MF AOl integration of a new type of helmet mounted display (HMD) system

An example of the concept of a knowledge based sensor fusion intended for use in the military aircraft cockpits are described. It
system is presented, which combines a radar primary sensor with is called a virtual panoramic display (VPD). The parameters
an IR secondary sensor. The radar's wide range of view is used discussed include field-of-view, exit pupil, image quality, eye relief.
for Target Recognition over a large area, while the IR sensor's collimation, alignment, size, weight, system integration, etc. For
high resolution at a small angle of aperture is employed for target the first time the associated helmet system is considered as an
classification. Author integral subsystem that must be designed to support the

requirements of the HMD. Trade-offs relating to the intended VPD
applications, HMD design and its impact on the associated image

N89-18021# Centre d'Enseignement at de Recherches de source and display electronics are discussed. Design issues and
Medecine Aeronautique, Paris (France). considerations are developed primarily from the viewpoint of the
PILOTS AS SUPERVISORS AND MANAGERS OF AUTOMATIC VPD system integrator. Author
SYSTEMS: A RISKY NEW FACTOR IN MAN-MACHINE SYSTEMS
RELIABILITY [PILOTES SUPERVISEURS ET GESTIONNAIRES NB9-18025# British Aerospace Aircraft Group. Preston (England).
DE SYSTEMES AUTOMATIQUES UN NOUVEAU ROLE BIEN Military Aircraft Division.
RISQUE POUR LA FIABILITE DU COUPLE HOMME-MACHINEI TOWARDS THE NEXT GENERATION FIGHTER COCKPIT: THE
R. AMALBERTI In AGARD, The Man-Machine Interface in Tactical EAP EXPERIENCE
Aircraft Design and Combat Automation 8 p (SEE N89-18009 KATHARINE M. WYKES and MAURIZIO SPINONI (Aeritalia S pA,
10-54) Jul. 1988 In FRENCH Turin, Italy I In AGARD, The Man-Machine Interface in Tactical
(AGARD-CP-425) Avail. NTIS HC A13/MF A01 Aircraft Design and Combat Automation 18 p (SEE N89-18009

The evolution of the man-machine task related to automized 10-54) Jul. 1988
airborne systems is discussed. Cognitive functioning in control (AGARD-CP-425) Avail: NliS HC A13/MF A01
processes, information acquisition, and modifications of pilot tasks The main design is outlined of the cockpit of the Experimental
are addressed. Author Aircraft Program (EAP) aircraft The structured design process that
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was followed is descnbed. The main features of the resulting cockpit and significant changes of measured pilot control behavior were
are outlined, together with some of the rationale behind their design. found for the active when conpared to the passive control stick.
These include: (1) Display moding: how the format hierarchy is Author
managed, how the formats were constructed and how color has
been used on the displays; (2) The hands on throttle and stick
concept and how this applies to the EAP; (3) A manual data
entry facility capable of controlling ten different subsystems through
totally multitfunction devices; and (4) An intelligent warning system N89-18029# National Research Council of Canada, Ottawa
based on the use of a digitized voice. These facilities have been (Ontario). Flight Research Lab.

flying for over a year now and the experience gained dunng their THE USE OF INTEGRATED SIDE-ARM CONTROLLERS IN

design and subsequent flight testing is helping to form the basis HELICOPTERS
for the European Fighter Aircraft cockpit design. Author J. M. MORGAN and S R, M SINCLAIR In AGARD. TheMan-Machine Interface in Tactical Aircraft Design and Combat

N89-18026# .British Aerospace Pubc Ltd. Co., Brough Automation 11 p (SEE N89-18009 10-54) Jul. 1988
(England) (AGARD-CP-425) Avail: NTIS HC A13/MF A01
PILOT INTEGRATION AND THE IMPLICATIONS ON THE Research conducted with integrated side stick controllers in a
DESIGN OF ADVANCED COCKPITS variable stability helicopter is reviewed. The investigations involve

R. S KALAWSKY In AGARD. The Man-Machine Interface in the use of three different types of controllers The advantages
Tactical Aircraft Design and Combat Automation ,16 p (SEE and disadvantages of integrated controllers are discussed and anN89-18009 10-54) Jul, 1988 informed opinion of their applicability is presented. Finally. data

(AGARD-CP.425) Avail: NTIS HC A13/MF AOl acquired during a succession of piloted experiments. indicating
A totally enclosed cockpit may quickly become the driving factor that Level 1 handling qualities a chievable with these types of

for the next generation of tactical fighter aircraft and will deny controllers, are summazed Author

access to the pilot of essential outside world cues. Also. the number
of sensory systems carried aboard the aircraft is inceasing, with
the threat of unacceptable pilot workload. Pilot and aircraft reaction
times may be a decisive factor in any conflict situation in the N89-18030# Boeing Helicopter Co, Philadelphia. PA
future, so the pilot must have a greater situation awareness than ADVANCED FLIGHT CONTROL SYSTEM FOR
ever before The future cockpit designer must have a greater NAP-OF-THE-EARTH FLIGHT
appreciation and awareness of the human factors related issues, STEVEN I. GLUSMAN, CHARLES DABUNDO. and KENNETH H
and tailor system performance to match human performance limits LANDIS In AGARD, The Man-Machine Interface in Tactical Aircraft
The cockpit situation is assessed and how the pilot can be Design and Combat Automation 15 p (SEE N89-18009 10-54)
successfully integrated with newly emerging technol3gies to Jul 1988
overcome the problems introduced by a closed cockpit philosophy (AGARO-CP-425) Avail, NTIS HC A13/MF A01
and increased workload is examined An insight into one possible A digital/optical flight control system was implemented on a
cockpit solution is studied. Author UH-60 Black Hawk helicopter to determine flight control system

requirements for Nap-of-the-Earth (NOE) flight. Small-displacement
N89-18027# Dornier-Werke G.m.b.H., Friedrichshafen (Germany, side stick controllers with unique force trim positions were an
F R I. integral part of the control system design. Controller configurations
PILOT CONTROL DEVICES could be readily altered from a fully integrated 4-axis side stick
W FUCHS, R. KODWEISS, and M. WEIDEL In AGARD, The controller to separated controller and configurations including
Man-Machine Interface in Tactical Aircraft Design and Combat (3 - t) collective and (2 . 1- 1). Control laws were implemented
Automation 13 p (SEE N89-18009 10-54) Jul. 1988 with a model following architecture that facilitates variation of
(AGARD-CP-425) Avail NTIS HC A13/MF A01 conrol resp, characteristics. The Automatic Flight Control

Advanced cockpit design requires geometry improvements to System was - gned to provide level 1 handling qualities and
accommodate greater pilot percentile ranges, to reduce pilot fatigue the Primary Flight Control System was implemented to achieve
and discomfort, to increase G-load resistance and to allow a level 2 handling qualities The interrelational effects of controller
different election path. Simulator trials were performed to Optimize configuration and piloting task on handling qualities was
the installation positions of control devices for different seat angles, investigated Handling qualities were evaluated --Sing precision
the control parameters including gain and force gradients as well hover and low speed tasks typical of NOE flights as well as tasks
as the use of force and displacement signals. The simulator results performed at airspeeds from 80 to 120 knots. Piloted results are
will be scaled down for inflight use Adaptive gain shaping and a presented with recommendations for future systems Author
reduction of control force using higher controller damping were
tested A method for reducing the risk of loss of consciousness
and means to increase pilot efficiency is discussed Author

N89-18028# Technische Hogeschool. Delft (Netherlands). N89-18031# Aerospace Medical Research Labs
Faculty of Aerospace Engineering. Wright-Patterson AFB. OH Human Engineering Div
ACTIVE AND PASSIVE SIDE STICK CONTROLLERS: TRACKING MATCHING CREW SYSTEM SPECIFICATIONS TO HUMAN
TASK PERFORMANCE AND PILOT CONTROL BEHAVIOUR PERFORMANCE CAPABILITIES
R J A W HOSMAN and J C. VANDERVAART In AGARD, KENNETH R. BOFF In AGARD The Man-Machine Interface in
The Man-Machine Interface in Tactical Aircraft Design and Combat Tactical Aircraft Desiqn and Combat Automation 9 p (SEE
Automation 11 p (SEE N89-18009 10-54) Jul. 1988 N89-18009 10-54) Jul 1988
IAGARD-CP-425) Avail. NTIS HC A13/MF A01 (AGARD-CP-425) Avail NTIS HC A13/MF A01

A servo controlled side stick featuring hydraulic actuators with Despite spectacular advances in display systems and data
hydrostatic bcanngs was developed Due to its smooth operation, handling technologies, modern crew systems confront their
low noise characteristics and high bandwidth, a great variety of operators with a large volume of codified information which
dynamic characteristics can be simulated This research tool can competes for scarce attentional and control resources Achievinq
very convenipntly be used as a conventional passive stick to assess an optimal fit between system capabilities and the perceptual and
the desired side stick dynamics for future fly by wire aircraft. Still performance characteristics of the operator requires the presence
more important is that with a servo controlled side stick, stick of at teast three elements: (1) Usable data resources, human
force and stick displacement can be controlled virtually performance data (2) An effective interface providing methods
independent This feature can be used for experimental research and media to support accession and evaluation of these data.
to investigate the perception and feedback of stick force and stick and (3) Sophisticated and Motivated users Designing for active
displacement by the pilot's neuromuscular system in the control presence of these elements requires understanding of and assumes
task After a short description of the side stick controller hardware, some ability to influence individual, organizational and regulatory
results of a tracking experiment in a moving base flight simulator vanables that jointly support the design and acquistion
is Presented Considerable improvement in tracking performance processes Author
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N$9-18032# Aerospace Medical Research Labs. N89-18440# Volkswagen A.G., Wolfsburg (Germany, F R)
Wright-Patlerson AFB, OH Research and Development Div.
INTEGRATED CONTROL AND AVIONICS FOR AIR REQUIREMENTS AND CRITERIA FOR THE PASSIVE SAFETY
SUPERIORITY OF AUTOMOBILES
JAMES A KOCHER In AGARD. The Man-Machne Interface in R. WEISSNER In AGARD, Energy Absorption o: Aircraft Structures
Tactical Aircraft Design and Combat Automation 7 p (SEE as an Aspect of Crashworthiness 6 p (SEE N89-18421 11-03)
N89-18009 10-54) Jul. 1988 Dec. 1988
(AGARD-CP-425) Avail NTIS HC A13/MF A01 (AGARD-CP-443) Avail: NTIS HC A15/MF A01

The Integrated Control and Avionics for Air Superiority (ICAAS) Success was achieved in the last 17 years in increasing traffic
Program is a program to develop, design, and demonstrate selected safety. The number of people killed has dropped dramatically
fighter aircraft technologies needed to kill and survive when despite a considerable increase in the number of vehicles involved
outnumbered in air combat engagements. Design emphasis is The passive safety requirements imposed on passenger vehicles
placed upon functional integration of sensors, fire control, flight and the technical concepts designed to satisfy these requirements,
control, weapons and interface with the pilot to achieve improved are examined The interpretation of the functions leads to the
close-in combat Details of the ICAAS concept and design approach definition of the basic demands to be made of an occupant restraint
are presented Author systems. Use can be made, for example, of belt force limiters to

reduce the forces acting on the occupant during the restraint
process A belt lock-up or belt pre-tensioners can be used to limit
the throw-forward distance. Numerous measures have to be taken
to make a restraint system comfortable. Belt height adjustment,

N89-18033# Air Force Flight Test Center, Edwards AFB. CA. for example, provides an individual adaptation of belt position. An
AFTI/F-16 IMPACT OF COCKPIT AUTOMATION ON PILOT important safety feature is the seat plus head restraint. The seat
ACCEPTANCE has a considerable influence on the effectiveness of the entire

MARK A. STUBBEN In AGARD, The Man-Machme Interface in system beth in the event of a head-on collision and in the case
Tactical Aircraft Design and Combat Automation 10 p (SEE of a rear end collision. If it is assumed that there is good correlation
N89-18009 10-54) Jul 1988 between the load values measured with dummies and the real
IAGARD-CP-425) Avail: NTIS HC A13/MF A01 risk of injury for a person involved in an accident, the possible

The Advanced Fighter Technology Integration (AFTI) F-16 Joint benefit of any safety measure can be forecast The efforts to
Test Force recently completed a developmental flight test program improve passive safety must also include cyclists, motor cyclists,
investigating a fully automated weapons delivery system. The F-16 and pedestrians. It is hoped that the number of people who sustain
boasted an impressive array of automatic systems that increased serious injures or even lose their lives as a result of a traffic
the effectiveness of beth the pilot and airframe as an overall accident will continue to drop in the future This goal will be attained
weapon system. The highly modified F-16 testbed was fitted with if all those involved sustain their efforts to increase road traffic
a digital flight control system, a conformally mounted infrared safety. Author
sensOr/1laser ranging pod, integrated fire/flight control computers.
a digital color moving map, and a voice recognition system. The N89-18442# Centre d'Essais en Vol, Bretigny-sur-Orge (France)
AFTI/F-16 integrated these sensors, avionics, and flight control Lab. de Medecine Aerospatiale
systems into an Automated Maneuvering and Attack System DESIGN AND SIMULATED-CRASH VALIDATION OF A DYNAMIC
IAMAS), capable of full authority automatic air to surface weapons RESPONSE RECORDER (CONCEPTION D'UN ENREGISTREUR
delivery with profiles down to 200 ft above ground level. Test DE GRANDEURS DYNAMIQUES ET VALIDAITON AU COURS
results of the developmental flight test program are presented D'UN CRASH SIMULEI
and an assessment is provided of the individual AMAS subsystems J. M. CLERE, 0. LEBRUN, J. DOBUA, and J L POIRIER /M

on the overall workload of the pilot and the pilot acceptance of a AGARD. Energy Absorption of Aircraft Structures as an Aspect of
fully automated weapons delivery system Author Crashworthiness 7 p (SEE N89-18421 11-03) Dec 1988 in

FRENCH
(AGARD-CP-443) Avail NTIS HC A15/MF A01

A small lightweight instrument was developed to record the
degree of acceleration experienced by an anthropomorphic manikin

N89-18034# Army Aviation Systems Command, Moffett Field. during an aircraft crash, with application to the study of the
CA Aeroflightdynamics Directorate aircraft/seat/occupant interaction Upon impact. the device
ADVANCED HELICOPTER COCKPIT AND CONTROL automatically records data from the nine locations for a period of
CONFIGURATIONS FOR HELICOPTER COMBAT MISSION six seconds. The performance of the present instrument was
TASKS experimentally validated during the dropping of a DC-10 fuselage
LORAN A. HAWORTH, ADOLPH ATENCIO, JR., COURTLAND from a height of 6 m M G
BIVENS. ROBERT SHIVELY. and DANIEL DELGADO In AGARD.
The Man-Machine Interface in Tactical Aircraft Design and Combat
Automation 16 p (SEE N89-18009 10-54) Jul. 1988 Previously 60
announced as N88-14988
(AGARD-CP-425) Avail: NTIS HC A13/MF A01

Two piloted simulations were conducted by the U S Army COMPUTER OPERATIONS AND HARDWARE
Aeroflightdynamics Directorate to evaluate workload and
helicopter-handling qualites requirements for single pilot operation Includes hardware for computer graphics, firmware. and data
in a combat Nap-of-the-Earth environment. The single pilot processing
advanced cockpit engineering simulation (SPACES) investigations
were performed on the NASA Ames Vertical Motion Simulator,
using the Advanced Digital Optical Control System control laws N87-19920# Advisory Group for Aerospace Research and
and an advanced concepts glass cockpit The first simulation Development, Neuilly-Sur Seine (France) I echnical Information

(SPACES l) compared single pilot to dual crewmember operation Panel
for the same flight tasks to determine differences between dual THE APPLICATION OF MICROCOMPUTERS TO AEROSPACE
and single ratings, and to discover which control laws enabled AND DEFENCE SCIENTIFIC AND TECHNICAL INFORMATION
adequate and single pilot helicopter operation The SPACES II WORK
simulatior, concentrated on single pilot operations and use of Oct 1986 119 p Lecture series held in London. England
control laws thought to be viable candidates for single pilot 16-17 Oct. 1986. in Ankara, Turkey. 20-21 Oct 1986 and in Rome.
operations workload Measures detected significant differences Italy, 23-24 Oc1 1986
between single pilot task segments. Control system configurations (AGARD-LS-149, ISBN-92-835-1538-2 AD-A173314) Avail NTIS
were task dependent, demonstrating a need for inflight HC A06/MF A01
recoiffigurable control system to match the optimal control system In 1978 the theme of Lecture Series 92 was the opportunity
with the required !ank Author offered in automation of library and information services by cheapc,
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faster minicomputer equipment, and new database and applications be shown to provide performance speed increases in the execution

software Speakers addressed the feasibility of automation; the of expert systems. Several of these efforts are followed closely
techniques for the necessary systems studies; and cost and are assessed. Author
effectiveness in units of tens of man years of programming and
equipment costing 100.000 or more There is now a radical change
in what an information specialist may reasonably expect, due largely
to the development of the low cost, reliable, general purpose
microcoiiiputer The speakers in this lecture series report the N87-29520# Naval Ocean Systems Center, San Diego. CA
growing role of the microcomputer in cataloguing and library RAPID PROTOTYPING OF USER-COMPUTER INTERFACES
housekeeping; in accessing shared information resources through DURING SYSTEM DESIGN
local and wife networks, and in new approaches to information G. A. OSGA In AGARD, Information Management and Decision
management and retrieval. For individual titles see N87-19921 Making in Advanced Airborne Weapon Systems 10 p iSEE
through N87-19929 N87-29503 24-06 Feb 1987

(AGARD-CP-414) Avail: NTIS HC A14/MF A01
N87-19921# Strathclyde Univ. Glasgow (Scotland) Dept. of Rapid Prototyping is a process of creating a simulation of a
information Science user interface to a compfeted computer system, early in the design
APPLICATIONS IN LIBRARY MANAGEMENT, REOUISITIONS, process. before the indnrlying or application software is developed
LOANS AND STOCK CONTROL This process allows the presentation of display formats and system
PAUL F BURTON In AGARD The Application of Microcomputers procedures to users early in the design process. Fllowing for
to Aerospace and Oefence Scientific and Technical Information behavioral data collection and numerous iterations in the user
Work 5 p (SEE N87-19920 12-60) Oct. 1986 computer interface (UCI) design The development and use of

(AGARD-LS-149) Avail NTIS HC A06/MF A0t rapid protofyping software in an expert system development prolect
Applications of the microcomputer in library management, is discussed The user nlerface is a high resolution screen with

requisitions, loans and stock control are discussed. That the multiple windows, using a mouse as the primary input device A
microcomputer has provided numerous libraries and information design procedure for air interface to an expert system is discussed
services (LIS) with an opportunity to automate routines which were which includes (1) an Interface Design Tool, (2) an interface design
previously denied to them because of their size and (usually) their checklist, and (3) the collection o and analysis of behavioral data
lack of funding, has now achieved the status of a cliche Plummeting during interface testing Author
costs of hardware coupled with increasing sophistication and power
of software (albeit at increased prices) mean that all but the smallest
LIS can now contemplate automation of most routines, including
that cluster of applications which is referred to as housekeeping
indeed, i( could be -aid that these smaller LfS are most able to N88-10797# Centre National de ia Rechc -he Scienriqu,,

benefit from computer-based automation, since they are being Toulouse (France)
faced with increasing demands upon their services, demands which COMPUTING SYSTEMS DEPENDABILITY AND FAULT

have to be met with low (and sometimes reducing) staffing levels TOLERANCE: BASIC CONCEPTS AND TERMINOLOGY
Despite this, the take-up rate of microcomputers has not been J. C. LAPRIE In AGARD. Fault Tolerant Considerations and

high, though there are signs that it is increasing steadily. This can Methods for Guidance and Contro Systems 15 p (SEE Nat 10796
be explained in part by the restrictions of funding which these LIS 02-08) Jul 1987
have faced (ir common with all others). but it has to be said that (AGARD-AG-289) Avail NTIS HC A07/MF AOl
here remains a certain lack of awareness among some LIS Proviled is a conceptual framework for r-pressing the

managers Growing number of LIS managers are implementing constituents of dependable computing. i e the mpairmer,, it.,

microcomputers for horise-keeping applications, including dependability faults, errors and failures, the means 'or

management tasks acquisitions. circulation control and aspects dependability fault avoidance. fault tolerance. fault ,emoval -<d

of stock management Author fault forecasting; the measures of dependability relablity and

N87-19929# Strathclyde Univ, Glasgow (Scotland) Dent of availability Emphasis is placed on the depeno icatly naiiments

Information Science and on fault tolerance Informal but precise deflnitions ar, giuen

PROCUREMENT AND MANAGEMENT OF Auth."

MICROCOMPUTER-BASED SYSTEMS
PAUL F BURTON In AGAPO The Application of Microcomputers

to Aerospace and Defence Scientific and Technical Information
Work 6 p (SEE N87-19920 12-60) Oct 1986
tAGARD-LS-149) Avail NTIS HC AO6!MF A01 N89-10833# Electronique Serge Dassault, Saint Cloud (Fracei

M,crocomputer-based systems appear to offer an inexpensive A HIGHLY RELIABLE COMPUIER FOR AIRBORNE
approach to library and information system automation However. APPLICATIONS
to be effective, efficient and cost-effective, i is still necessary to MICHEL MUENIER In AGiRD, Computing Systems Confliguration
apply sonie weii.estabhished principles to the specification and for Highly Integrated Guidance and Control Systems 17 p (SEE

orocurement of mtcro-based systems The procurement process, N89-10831 0201) Jun 1988
some of the difficulties associated with micro systems, and the lAGARDLS-158) Avail NTIS HC A08/MF A01
-tficut es of finding suitable software are discussed Once installed The reliability features of the CMF (Ficnch Mitary Computer)

a mincro-computer system can provide a number of management AIR embedded computer supporting its operational software are
problems, caused not least. by (he inexperience of operators and described This computer was designed to meet the requirements

the direct impact of the systems (os compared with large systems. of the ACE (European Combat Aircraft)/RAF,' E D aircraft
which are often supported and operated by qualified personnell Therefore. it has to be highly dependable to satisfy severe physical

Author requirements Isize, weight power consumption, etc I and to support

real time software execution (this software being written in

N87-24948v Naval Air Development Center. Warminster, PA nigh-level languages such as Ada and LTR3, a French Pascal-like
MACHINE ARCHITECTURES FOR ARTIFICIAL INTELLIGENCE real-time language) The general structure of Itie computer is first

COMPUTING presented. emphasis being placed on the technological choices
RAYMOND P KIRSCH and CHHISTOF H HEITHECKER In (for example. the use of ASICs Application Specific Integrated
AGARD Advanced Computer Aids in the Planning and Execution Circuils) The various protective mechanisms provided at the level
of Air Warfare and Ground Strike Operations 1 p (SEE N87-24940 of the machine (hardware and microcode) are then presented
1866) Feb 1987 data access control and code execution control -inally a short

IAGARD-CP 404) Avail NTIS HC AO7/MF Aol presentation of the software production environmenf is given In
Alternatives to the von Neumann architectural model are unde conclusion, the compromise made between operational

:,ludy by members of the advanced computer architecture riependabily and performance characteristics are summarized
community Recent developments in multiprocessor technology can Author
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N89-10837# Air Force Wright Aeronautical Labs- 61
Wright-Patterson AFB, OH Avionics Lab
HIGH SPEED PARALLEL PROCESSING NETWORKS FOR COMPUTER PROGRAMMING AND SOFTWARE
ADVANCED ARCHITECTURES
D REED MORGAN In AGARD. Computing Systems Configuration
for Highly Integrated Guidance and Control Systems 17 p (SEE Includes computer programs, routines, and algorithms. and specific

N89-10831 02-01) Jun 1986 applications, eg.. CAD/CAM,

(AGARD-LS-158) Avail NTIS HC A08/MF A01
Many force multiplier improvements in vehicle control, situation

awareness and crew decision aiding will be made possible if N87-19922# Canadian Forces Coil , Toronto (Ontario)

affordable. flyable supercomputers and associated software can MICROCOMPUTER-BASED CATALOG CREATION SOFTWARE
be developed for next-generation military aircraft. New functional OPTIONS FOR SMALL LIBRARIES
architectures will emerge because dramat: improvements in C. E MURPHY In AGARD The Application of Microcomputers
processing speed can be implemented through tightly coupled to Aerospace and Defence Scientific and Technical Information

networks Unconstrained system architectures can be developed Work 7 p (SEE N87-19920 12-60) Oct 1986

where the system designer will have the capability to fuse together (AGARD-LS-149) Avail: NTIS HC A06/MF A01

needed logical functions irrespective of previous boundaries tn The microcomputer-based catalog creation options available

addition, increased local processing (e.g., smart sensors) will be to small libraries are discussed, Possible criteria for software

made possible to improve threat and target classification Robust evaluation are suggested, Two catalog creation software packages.

use of real-time artificial intelligence at both local, functional and INN.AGIC, a database management system and CARD DATALOG.

system levels will be achievable, along with inprovements in fault an off-the-shelf catalog creation program are described in terms

tolerance and system diagnostics Author of the suggested software evaluation critena. Microcomputer-based
catalog creation software -- software intended to enable libraries
to build an in-house database of machine-readable bibliographic
records -- can provide small libraries with an affordable means of
transcending the information retrieval limitations of the traditional
catalog and of automating some of the routine functions associated
with the generation of cataloging products However.

microcomputer-based catalog creation can also prove to be an
N89-11395# Advisory Group for Aerospace Research and expensive trap for the unwary. Author
Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
COMPUTATIONAL FLUID DYNAMICS: ALGORITHMS AND N87-19925# Ashford (J H.) Associates Ltd, Maidenhead
SUPERCOMPUTERS (England).
WOLFGANG GENTZSCH. K7N W NEVES, and H. YOSHIHARA, MICROCOMPUTERS IN INFORMATION RESOURCE SHARING.
ed (Boeing Military Airplane Development, Seattle, Wash,) Mar. PART 1: DATA AND GRAPHICS SYSTEMS
1988 195 p J, H. ASHFORD In AGARD The Application of Microcomputers
(AGARD-AG-31 1: ISBN-92-835-0448-8; AD-A196777) Avail: to Aerospace and Defence Scientific and Technical Information
NTIS HC A09/MF A01 Work 9 p (SEE N87-19920 12-60) Oct. 1986

Cost-effective vectorization of fluid dynamic codes, in particular (AGARD-LS-149) Avail: NTIS HC A06/MF A01
the Navier/Stokes Code, is covered relative to the supercomputer The number of online numerc data sources now exceeds that
architecture Subjects include current supercomputer architecture; of the bibliographic and full text system. Most of the databases
minisupercomputers, impact of hardware on computing, software are of financial or economic data. but a significant proportion deals
migration issues benchmarking: guidelines on FORTRAN with scientific. technical and medical information, and environmental
vectorization at the do-loop level; restructuring of basic linear studies are well covered Examples of North American and
algebra algorithms and restructuring guidelines for basic fluid European sources are given, and issues of data quality and property
dynamic codes A glossary of supercomputing terms is given in rights are discussed The application of data from a shared source
the Appendix For individual titles, see N89-t1396 through normally involves access in a language specialized to that
Nl9-11401 database. and the subsequent use of flexible software to format

and present the retrieved data This final step may be done on
the host system, using programs provided by the data vendor, but

is increasingly being transferred to the user's micro computer,
using either general purpose software, or micro computer versions
of mainframe utilities The scope of analysis, tabulation and
graphical presentation now on offer is considered, and the

N89- t13%6# Boeing Computer Services Co. Seattle, WA implications for choice of micro computer systems, and for
HARDWARE ARCHITECTURE, CHAPTER 2 information staff training and career development are considered
KEN W NEVES In AGARD, Computational Fluid Cynamic: Author
Algorithms and Super Computers p 11-53 (SEE N89-tt395
02-60 Mar 1988 N87-19928# Ashford (J H) Associates Ltd, Maidenhead

(AGARD-AG-311) Avail' NTIS HC A09/MF A01 (England).
An overview of computer architectures is given The purpose TRENDS IN SOFTWARE AND SYSTEM DEVELOPMENT

is not to offer a text book description of the electronics behind J H ASHFORD In AGARD The Application of Microcomputers
computing, but rather an appreciation of the barriers on computer to Aerospace and Defence Scientific and Technical information
development that have led to the complex design of today's Work 12 p (SEE N87-9920 12-60) Oct 1986
supercomputers, This introductory section will examine (1) the (AGARD-LS-149) Avail: NTIS HC A06/MF A01
need for increased computer power as a result of the pressure The developments in microcomputers now being applied in
from new computational processes: (2) the limits and barriers of information work have, in the majority of cases, been adopted
hardware (3) a brief history of parallelism; and (4) an overview of from innovations directed at very much larger markets Present
parallelism in today's computers Following this Background trends are to reduce real costs of both software and equipment.
section, an indepth look at today's supercomputer architectures which is helpful in making existing systems cheaper, but not
and emerging computer products is given In chapter 3, the impact necessarily good for new library oriented developments The need
of new hardware architecture on algoriinms will be examined Like for fact retrieval is becoming more important, and developments
computational fluid dynamics. supercomputing has developed a in electronic publishing and document exchange will be important.
set of terms, definitions, and ad hoc descriptions of common The integration of text. graphics and images is improving depending
processes In this monograph most of these terms will be defined party on new software ideas, and partly on the availability Of
when used Nevertheless, in an attempt to ad the reader, an optical disc storage for large volumes of data. Text retneval is
informal glossary of supercomputing terms is included in an becoming a feature of some relational database systems. offering
appendix. Author an alternative to inverse file approaches. and the use of signature
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representations may lead outh to simple small scale retrievers. N87-20203'# National Aeronautics and Space Administration
and to methods of identifying duplicate records in archives Ames Research Center. Moffett Field. CA

Author GEOMETRY DEFINITION AND GRID GENERATION FOR A
COMPLETE FIGHTER AIRCRAFT
THOMAS A. EDWARDS In AGARD Applications of Computational

N87-20200# National Aerospace Lab.. Amsterdam Fluid Dynamics in Aeronautics 12 p (SEE N87-20199 13-02) Nov.

(Netherlands) 1986 Previously announced as N86-28050

FLEXIBLE GRID GENERATION FOR COMPLEX GEOMETRIES (AGARD-CP-412) Avail: NTIS I-:C A19/MF AOl CSCL 09B

IN TWO SPACE DIMENSIONS BASED ON VARIATIONAL Recent advances in computing power and numerical solution

PRINCIPLES procedures have enabled computational fluid dynamicists to

B OSKAM and G H. HUIZING In AGARD Applications of attempt increasingly difficult problems. In particular efforts are

Computational Fluid Dynamics in Aeronautics 14 p (SEE focusing on computations of complex thres- mensionaf flow fields

N87-20199 13-02) Nov. 1986 Sponsored by Netherlands Agency about realistic aerodynamic bodies. To pettorm such computations,

for Aerospace Programs a very accurate and detailed description of fie surface geometry

IAGARD-CP-412 Avail: NTlS HC A19/MF A01 must be provided, and a three-dimensional grid must be generated

A method is described that is suitable for the numerical in the space around the body. The geometry must be supplied in

generation of boundary-conforming curvi-linear coordinate systems, a format compatible with the grid generation requirements, and
The method is based on the decomposition of a multiply connected must be verified to be free of inconsistencies. A procedure for

domain into a number of simply connected zones. In each zone performing the geometry definition of a fighter aircraft that makes

the grid is computed by solving a system of Euler equations that use of a commercial computer-aided design/computer-aided

minimizes a functional of the unknown transformation functions, manufacturing system is presented. Furthermore, visual

This system of equations and the natural boundary conditions of representations of the geometry are generated using a computi

the minimization problem are discussed. A first illustration of this graphics system for verification of the body definition. Finally, the

technique is given for the case of a three-element airfoil. Author three-dimensional grids for fighter-like aircraft are generated by
means of an efficient new parabolic grid generation method. This
method exhibits good control of grid quality. Author

N87-20201# Aircraft Research Association Ltd., Bedford N87-20204# RoyalAircraft Establishment, Farnborough (England)
(England) Aerodynamics Dept.
A DISCUSSION ON A MESH GENERATION TECHNIQUE AN ASSESSMENT OF THE USE OF LOW-ORDER PANEL
APPLICABLE TO COMPLEX GEOMETRIES METHODS FOR THE CALCULATION OF SUPERSONIC FLOWS
N. P WE.THERILL, J. A. SHAW, C. R. FORSEY. and K. E. J. S. SMITH and D. S. WOODWARD In AGARD Applications of
ROSE In AGARD Applications of Computational Fluid Dynamics Computational Fluid Dynamics in Aeronautics 8 p (SEE N87-20199
in Aeronautics 12 p (SEE N87-20199 13-02) Nov. 1986 13-02) Nov. 1986
Sponsored by Ministry of Defence and British Aerospace (AGARD-CP-412) Avail: NTIS HC A19/MF AOl
(AGARD-CP-412) Avail: NTIS HC Af9/MF A01 Three low-order panel methods dejeloped for the analysis of

A general three-dimensional block structured grid generation supesonic flows were used to make calculations for a number of
technique is described. It was coupled with an Euler algorithm to test configurations, with the aim Of establishing the range of
simulate the flow around complicated aerodynamic configurations, problems for which this class of computational method yields
The flow field is subdivided into a set of non-overlapping blocks adequate solutions. The programs investigated were the Woodward
and grids are generated simultaneously if, all of the blocks using USSAERO/C program, the related NLRAERO program, and the
an elliptic grid generation method. Appropriate boundary conditions British Aerospace Warton supersonic panel program Results
applied on the face of the blocks ensure that grid lines pass obtained using these programs were evaluated against theoretical
smoothly between blocks leaving the grid globally smooth. Details and experimental data for a number of test cases covering
of the surface and field grid generation are given and techniques wing-alone, body-alone and wing-body geometries It is concluded
to control the position of grid points are highlighted. Grid topologies that low-order panel methods can prc-,ide adequate solutions for
for complicated civil and military configurations are discussed. supersonic flows about wings, bodies and wing-body combinations,
Examples are given of grids for complicated configurations and provided the assumptions implicit in the lineansed potential flow
some results of flow calculations on block structured grids are model are not violated. Examples show that the prediction of lift
shown. Author and pitching moment curve slopes for quite complex configurations

may be acceptable, but that the detailed pressure distributions
are not always predicted satisfactorily. In particular, serious

N87-20202# Dornier-Werke G.m.b.H., Fnednchshafen (Germany, problems are encountered in calculating the flow about wings with
F.R ). Theoretical Aerodynamic Group, rounded supersonic leading edges die to the hinearised flow model
NUMERICAL GRID GENERATION AROUND COMPLETE which is used Author
AIRCRAFT CONFIGURATIONS
WILLY FRITZ In AGARD Applications of Computational Fluid N87-29521# British Aerospace Aircraft Group. Preston (England)
Dynamics in Aeronautics 8 p (SEE N87-20199 '3-02) Nov. Advanced Systems Dept.
1986 A GRAPHICAL AID TO IKBS PROGRAM DEVELOPMENT
(AGARD-CP-4f2) Avail: NTIS HC A19/MF AOl P.J. KEARNEY and B. HUNT InAGARD, Information Management

A method for accurately generating boundary conforming, and Decision Making in Advanced Airborne Weapon Systems 16 p
three-dimensional computational grids applicable to realistic aircraft (SEE N87-29503 24-06) Feb 1987
configurations is presented. Configurations with an arbitrarily )AGARD-CP414) Avail: NTIS HC A14/MF AOt
shaped and positioned wing, a horizontal tail (Or canard) and a Intelligent Knowledge Based Systems (IKBS) developments fall
vertical tail attached to an arbitrarily shaped fuselage can be into 2 categories: real time airborne applications of system
treated. The grid generation technique dmides the computational automation and tactical decision aid type, and ground based expert
domain into multiple rectangular blocks whose structure follow systems. The first of these presents major difficulties with regard
the natural lines of the configuration. For each of these contiguous to Quality Assurance testing of the codes produced, while the
sub-regions the grids are generated separately and then patched second suffers from the inappropriateness of stand alone
together to cover the entire physical region. The grids for the workstations and classical artificial intelligence JAI) asproaches
sub-regions are generated by the solution of elliptical partial within the industrial aerospace context. British Aerospace is
differential equations (POE). The method is an automated applying its extensive experience in conventional software
procedure but with interactive control and optimization possibilities methodologies to the new demands presented by IKBS. both to
which enable the user to produce coordinate lines with sufficient the developer and the user. One of the tools under development
continuity across the block boundanes. Due to the block structure is known as GRIN (Graphical Representation of an Inference
and the data organization of the method very fine grids (up to Network) and is described, together with an overview of an
several milhons of grid points) for complete aircraft configurations approach to AL. GRIN presents an inference network in a dynamic
can be generated. Author diagrammatic form. which maximizes the user's comprehension of
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the knowledge base. and hence eases development and N88-20191# British Aerospace Aircraft Group. Warton (England).
maintenance of an IKBS. It is considered that this tool and the Military Aircraft Div.
philosophy behind it will reinforce the view that tKBS represents a TIME AND COST REDUCTION THROUGH COMPUTER
natural extension of programming technology rather than a radical INTEGRATED MANUFACTURE
change. Author J. B. COX In AGARD. Flight Vehicle Development Time and

Cost Reduction 7 p (SEE N88-20173 12-81) Sep. 1987
(AGARD-CP-424) Avail: NTIS HC At4/MF A0t

CAD/CAM. since its introduction about 10 years ago, has
provided only a limited increase in productivity and has had very

NW-10816# Electronique Serge Dassault, Saint Cloud (France). little effect on the timespan from initiation of design to delivery of
NOW TO USE PROLOG FOR EXPERT SYSTEM the first unit from production. Further productivity benefits and a
PROGRAMMING reduction in the time taken to produce the first prototype can only
MICHEL MUENIER, PATRICK TAILLIBERT, and SERGE be achieved by a more flexible approach to design and
VA-rNNES ,,,\";,I, f:-o.ind Bewl Concepts and Artificial mantsfacture This in turn pult a ;a;. ,4ain on the Company's
Intelligence: Applications to Guidance and Control 8 p (SEE support system and a much greater integration of the whole
N88-10806 02-08) Aug. 1987 activities of the Company are required. Computer systems are a
(AGARD-LS-155) Avail: NTIS HC A07/MF A0t necessary means of producing the level of integration through

A description is given of how PROLOG is used to develop Information Technology. This requirement is moving us from
expert systems. It is shown that PROLOG had to be extended CAD/CAM to Computer Integrated Manufacture (CIM). The paper
towards an object oriented representation. The basic mechanisms concludes with a review of the steps being taken within British
that should occur in such a representation to make expert Aerospace towards reducing project lead times and costs.
programming easier are discussed. The EMICAT (MI4) environment, Author
constructed on this PROLOG extension so that knowledge can
be represented and used in the torm of production rules, is N88-23795# Naval Weapons Center, China Lake, CA.
described. The implementation of this environment is briefly DEVELOPING SYSTEMS USING STATE-OF-THE-ART CAD/CAM
described. Author TECHNOLOGY

VERNON A. ANDERSON and DAVID J. BREWER (Space and
Naval Warefare Systems Command, Charleston, S.C.) In AGARD.
The Design, Development and Testing of Complex Avionics
Systems 7 p (SEE N88-23767 17-06) Dec. 1987

NOS-10817# Carleton Univ., Ottawa (Ontario). Dept. of Systems (AGARD-CP-417) Avail: NTIS HC A18/MF A01
and Computer Engineering. Here, state-of-the-art CAD-CAM refers to mission-specific
REAL-TIME EXPERT SYSTEMS: A STATUS REPORT applications with the ability to describe a design that is independent
B. A BOWEN In AGARD, Knowledge Based Concepts and of technology at certain levels: that is, which describes a design
Artificial Intelligence: Applications to Guidance and Control 15 p in a manner independent of any particular implementation, yer
(SEE N88-10806 02-08) Aug. 1987 allows integrated verification across design boundaries. Such a
(AGARD-LS-155) Avail: NTIS HC A07/MF A0l high-level approach pays high dividends in transferring designs

The control algorithm for complex physical plants is usually from one technology to another. Presented here are some
based on a model, either discrete or linear, which describes the structures useful for improving understanding of technology,
appropriate response to data obtained from sensors located systems. CAD/CAM, and communications across interfaces. A
throughout the plant. Models of plant behavior are usually based technology planning and communications framework concerning a
on a Markov process assumption or on some linear system hierarchical system schema is introduced for looking at the
approximation. Many subtle characteristics beyond the range of spectrum of user tasks in the life cycle of electronic products.
the assumptions or approximations are either ignored or the The Navy's acquisition strategy and plans for computer-aided
appropriate response is obtained by fine-tuning after the contiol design/computer-aided manufacturing are presented Author
system is installed. A comprehensive state-of-the-art summary of
the status, progress, issues and directions in the use of N88-23798# British Aerospace Public Ltd. Co., Preston (England)
knowledge-based systems in real-time control applications is Military Aircraft Div.
given Author SOFTWARE ENGINEERING FOR THE BRITISH AEROSPACE

EXPERIMENTAL AIRCRAFT PROGRAMME (EAP)
W. E. R. KELLAWAY In AGARD. The Design, Development and
Testing of Complex Avionics Systems 14 p (SEE N88-23767
17-06) Dec. 1987 Sponsored in part by the Ministry of Detence,

N88-20182# Aeritalia S.p.A., Turin (Italy). Combat Aircraft United Kingdom
Group. (AGARD-CP-417) Avail: NTIS HC A18/MF A01
DEVELOPMENT COST REDUCTION USING INTEGRATED The software engineeno approach adopted by British
CAE-CAD-CAM TECHNIQUES Aerospace in the specification, design and implementation of the
DAVIDE FALCO /n AGARD. Flight Vehicle Development Time Avionics and Utility Systems Management software for the
and Cost Reduction 9 p (SEE N88-20173 12-81) Sep. 1987 Experimental Aircraft Program (EAP) is described. The software
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 life cycle and supporting methods and tools are described, in

The conventional process for new aircraft design and particular the Controlled Requirements Expression (CORE) method,
development is based on sequential analysis and test cycles. Using supported by the CORE Work Station, and the PERSPECTIVE
an integrated CAE-CAD-CAM technique it is possible to increase programming support environment. The considerable benefits
the depth of different configuration analyses, to reduce the cycle obtained in both productivity and quality are highlighted and
time and even the number of cycles required, and to achieve developments leading to a full Integrated Project Support
optimized design, thereby improving the product, shortening the Environment JiPSE) are indicated. Author
overall development time, and reducing development costs. The
capability of CAD systems to manipulate 3-D geometric models NOS-23800# General Research Corp., Santa Barbara. CA.
utilizing a standard components data base, allows the integrated A SOFTWARE LIFE CYCLL SUPPORT ENVIRONMENT
development of aerodynamic and structural configurations. and of L. Y. AJWA and FRANK S. LAMONICA (Rome Air Development
systems layout. A computerized mock-up developed at CAD permits Center, Griffiss AFB, N.Y.) In AGARD, The Design, Development
the convergence on a unique mathematical model of different and Testing of Complex Avionics Systems 19 p (SEE N88-23767
disciplines, facilitating integration Eztween structures and 17-06) Dec. 1987
equipment. The CAD total data base integrated with analysis and )AGARD-CP-417) Avail: NTIS HC At8/MF A0t
manufactuneg permits direct data transfer from engineering to The Software Life Cycle Support Environment (SLCSE) is a
manufacturng (CAM) and in addition makes faster and cheaper distributed, computer-based environment of software development
the -nbodiment of modifications during the development phase. tools and methods which span the full spectrum of the software

Author life cycle and are integrated through a common end consistent
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user interface and a fife cycle project data base. Primary features N88-29316# Aircraft Research Association Ltd.. Bedford
of the SLCSE are: (1) it supports both the development and (England).
management of complex mission-critical computer resources COMPONENT ADAPTIVE GRID GENERATION FOR AIRCRAFT
(MCCRI software systems (2) it is multitingual, supporting the Air CONFIGURATIONS
Force standard higher order languages including MIL-STD-1589B N. P. WEATHERILL and J A. SHAW In AGARD, Three
(JOVIAL J73) and MIL-STD-1815A (Ada); and (3) through its Dimensional Grid Generation for Complex Configurations Recent
unifying framework, it enables the integration of both newly Progress p 29-39 (SEE N88-29313 23-61) Mar 1988
developed and existing software tools. The SLCSE development (AGARD-AG-309) Avail: NTIS HC A08/MF A01
effort, highlights of SLCSE architecture, requirements and top-level A method is presented which is capable of generating
design are discussed. The implementation appproach is described component adaptive grids. The approach is illustrated using
along with the results of the first build. Testing and verification wing-body-canard geometries but is annlicable to a wide range of
plans are discussed and risk areas identified Long-te.. v, -is to complex aerodynamic configurations. The new method of topology
evolve the SLCSE beyond the current contractual requirements generation, combined with the approach token to grid control.
are discussed. Author provide a powerful means of exploring the most suitable topology

for a given geometry, Grid control parameters are available to tee
user to modify the grids for particular geometries but the system

N88-29313# Advisory Group for Aerospace Research and does not require the user to partake in long interactive sessions
Development, Neuilly-Sur-Seine (France). Fluid Dynamics Panel. on a workstation to generate grids. The suitability of the component
THREE DIMENSIONAL GRID GENERATION FOR COMPLEX adaptive grids for flow simulation is demonstrated by comparing
CONFIGURATIONS: RECENT PROGRESS theoretical predictions with experiment. Author
JOSEPH F. THOMPSON, J. L. STEGER, and H. YOSHIHARA,
ed. (Boeing Military Airplane Development. Seattle, Wash.) Mar.
1988 162 p
(AGARD-AG-309; ISBN-92-835-0451-8; AD-At96776) Avail: NB8-29317# General Dynamics Corp., Fort Worth, TX
NTIS HC A08/MF A0t GENERATION OF MULTIPLE BLOCK GRIDS FOR ARBITRARY

Some of the capabilities of the Computational Fluid Dynamics 3D GEOMETRIES
(CFD) community are surveyed for griding complex three J P. STEINBRENNER, S L. KARMAN. JR.. and J. R CHAWNER
dimensional contigurations. The intent is to provide some insight In AGARD. Three Dimensional Grid Generation for Complex
as to the present state of grid generation for aircraft configurations Configurations: Recent Progress p 40-55 (SEE N88-29313 23-61)
in order to help assess whether this task presents a long term Mar. 1988
stumbling block to routine use of CFD in aerodynamic applications. (AGARD-AG-309) Avail: NTIS HC AO8/MF A01
A brief review is given of some of the techniques that are available A grid generation procedure was developed to create complex
for generating body conforming curvilinear grids. In order to assess block grid systems, beginning with the generation of block surfaces,
capabilities in grid generation, colleagues at selected institutions up to the generation of the full block volume grids The multiple
were solicited to descnbe their experiences and difficulties in grid block concept is shown to facilitate the gridding of very complex
generation of complex configurations. For individual titles, see geometries and also to allow larger sized grids to be run with a
N88-29314 through N88-29325. multiple block Euler solver. The entire grid generation process is

broken into logical steps, each step is described in detail Three
examples of grid systems generated with these techniques areN88-29314# Boeing Military Airplane Development. Seattle. given, thereby validating the procedure Finally, current research

WA. topics in grid generation and future plans are discussed. AuthorLESSONS LEARNED IN THE MESH GENERATION FOR PN/S

CALCULATIONS
H. YOSHfHARA In AGARD. Three Dimensional Grid Generation
for Complex Configurations: Recent Progress p 15-22 (SEE N88-29318*# National Aeronautics and Space Administration
N88-29313 23-61) Mar. 1988 Langley Research Center, Hampton, VA
(AGARD-AG-309) Avail: NTIS HC A08/MF A0l GRID GENERATION ON AND ABOUT A CRANKED-WING

Experiences encountered in the 2D mesh generation with the FIGHTER AIRCRAFT CONFIGURATION
elliptic differentia) equation method are described for the ROBERT E. SMITH. JOAN I PITTS, LARS-ERIK ERIKSSON, and
parabolized Navier-Stokes calculations over a generic fighter at a MICHAEL R. WIESE (Computer Sciences Corp. Hampton. Va.)
supersonic Mach number and for a wiog/tuselage at hypersonic In AGARD, Three Dimensional Grid Generation for Complex
Mach numbers. Importance of the mesh quality is stressed, and Configuration: Recent Progress p 56-64 (SEE N88-29313 23-61)
the need of an improved cost effective treatment of the shocks is Mar. 1988
pointed out. Author (AGARD-AG-309) Avail: NTIS HC A08/MF AOl CSCL 09B

Experiences at the NASA Langley Research Center generating
grids about a cranked wing fighter aircraft configuration is described.

N68-29315"# National Aeronautics and Space Administration. A single block planar grid about the fuselage and canard used
Ames Research Center, Moffett Field, CA. with a finite difference Navier-Stokes solver is also described A
THREE-DIMENSIONAL ELLIPTIC GRID GENERATION FOR AN dual block nonplanar grid about the complete configuration and
F-16 used with a finite volume Euler solver is presented. The very
REESE L. SORENSON In AGARD, Three Dimensional Grid important aspect of computing the aircraft surface grid. starting
Generation for Complex Configurations: Recent Progress p 23-28 with a standardized model description, is also presented. Author
(SEE N88-29313 23-61) Mar. 1968
(AGARD-AG-309) Avail: NTIS HC A08/MF A01 CSCL 09B

A case history depicting the effort to generate a computational
grid for the simulation of transonic flow about an F-16 aircraft at N88-29319# Messerschmitt-Boelkow G.m.b.H., Munich (Germany.
realistic flight conditions is presented. The flow solver for which F.R.). Helicopter and Military Aircraft Group.
this grid is designed is a zonal one, using the Reynolds averaged GRID GENERATION FOR AN ADVANCED FIGHTER AIRCRAFT
Navier-Stokes equations near the surface of the aircraft, and the A. EBERLE and W. SCHWARZ In AGARD, Three Dimensional
Euler equations in regions removed from the aircraft. A body Grid Generation for Complex Configurations: Recent Progress p
conforming global gnd, suitable for the Euler equation, is first 65-76 (SEE N88-29313 23-6t) Mar 1988
generated using 3-D Poisson equations having inhomogeneous (AGARD-AG-309) Avail: NTIS HC A08/MF AOl
terms modeled after the 2-D GRAPE code. Regions of the global The grid generation process for a realistic and complex fighter
grid are then designated for zonal refinement as appropriate to type aircraft is deschbed, The method is based on the solution of
accurately model the flow physics. Grid spacing suitable for solution biharmonic equations and ,ses o single block oncept Only a
of the Navier-Stokes equations is generated in the refinement few user specified input parameters are necessary for the
zones by simple subdivision Of the given coarse grid intervals, construction of the space grid and therefore this gnd generation
That grid generation project is described, with particular emphasis system is very simple to handle. The grid is intended for calculations
on the global coarse grid Author with an Euler code at transon.i, and supersonic speeds Author
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N88-29320# Tennessee Univ. Space Inst., Tulla' ma. Dept. of NB8-29324# Calspan Field Services, Inc.. Arnold AFS, TN.
Engineering Science and Mechanics. EXPERIENCE WITH THREE DIMENSIONAL COMPOSITE
ALGEBRAIC GRID GENERATION FOR FIGHTER TYPE GRIDS
AIRCRAFT J A. BENEK, T. L. DONEGAN, and N. E. SUHS In AGARD.
JOHN STEINHOFF In AGARD. Three Dimensional Gnd Three Dimensional Grid Generation for Complex Configurations:
Generation for Complex Configurations: Recent Progress p 77-64 Recent Progress p 124-138 tSEE N88-29313 23-61) Mar. 1988
(SEE N88-29313 23-61) Mar. 1988 Previously announced as N87-26021
(AGARD-AG-309) Avail: NTIS HC A08/MF A01 (AGARD-AG-309) Avail: NTIS HC AO8/MF A01

A systematic procedure is presented for synthesizing a complex Experience with the three dimensional, chimera grid embedding
computational grid for fighter type aircraft out of a number of scheme is described. Applications of the inviscid version to a
simpler elementary grids. This method is useful when a grid is multiple body configuration, a wing-body-tail configuration, and an
required over an object which, though complex, consists of a estimate of wind tunnel wall interference are described. Applications
number of simpler pieces, such as an aircraft with a number of to viscous flows include a 3-D cavity and another multi-body
lifting surfaces. The procedure presented allows a smooth complex configuration. A variety of grid generators is used, and several
grid to be generated which becomes exactly equal to each embedding strategies are described. Author
elementary gnd as the surface corresponding to that elementary
grid is approached. In this way, methods which may have previously
been developed for each piece do not have to be changed and NO8-29325# Deutsche Forschungs- und Versuchsanstalt fuer
can be used as black boxes, whether they are algebraic, partial
differential equation based, or whether fte grids are just given Lult- und Raumlairt, Brunswick (Germany. F.R.). Inst. ter
numencalty. This blending technique is only one of several tools Entwurfsaxrodynamik.
which was used to generate effective grids. Other techniques GRID GENERATION AROUND TRANSPORT AIRCRAFT

include projection methods for generating surface grids. Some CONFIGURATIONS USING A MULTI-BLOCK STRUCTURED

advantages and imitations of the method are discussed and COMPUTATIONAL DOMAIN
examples are given of s use in generating complex fighter grids.Grid Generation

Author for Complex Configurations: Recent Progress p 139-153 (SEE
N88-29313 23-61) Mar. 1988

N88-29321# Mississippi State Univ., Mississippi State. Dept. of (AGARD-AG-309) Avail: NTIS HC A08/MF A01

Aerospace Engineering. A new grid generation code is described which is based on

COMPOSITE GRID GENERATION FOR AIRCRAFT the multi-block approach. Grid generation around 3-D configurations

CONFIGURATIONS WITH THE EAGLE CODE is divided into 3 major parts, namely, surface definition, surface

JOE F. THOMPSON and LAWRENCE E. LIJEWSKI (Air Force grid generation and field grid generation. Coons' patches are used

Armament Lab., Eglin AFB, Fla.) In AGARD, Three Dimensional to define the surfaces and their intersection lines. Surface grids
Grid Generation for Complex Configurations: Recent Progress p and field grids are generated using the numerical solution of an
85-95 (SEE Nn-29313 23-61) Mar. 1988 elliptic system. An effective means for the control of the gnd
(AGARDAG-309) Avail: NTIS HC A08/MF A01 spacing was developed which is based on an iterative determination

AA-Agera AvaeediinS Aridgeneratol ceeof the source terms in the elliptic system. The code is used to
A general three dimensional grid generation code based on a geerate grids around a wing-body combination and a high bypass

composite block structure is discussed. The code can operate gnelle cgraion.n uthor

either as an algebraic generation system or as an elliptic generation nacelle configuration. Author

system. Provision is made for orthogonality at boundaries and
complete continuity at block interfaces. The code can operate in
two or three dimensions, or on a curved surface. The input is N89-10049# Raytheon Co., Bedford, MA. Missile Systems Div.
structured to be user oriented, and arbitrary block configurations COMPARISON OF STATISTICAL DIGITAL SIMULATION
can be treated. Author METHODS

PAUL ZARCHAN In AGARD, Guidance and Control Systems
N-29322# Deutsche Forschungs- und Versuchsanstalt fuer Simulation and Validation Techniques 16 p (SEE N89-10048
Luft- und Raumfahrt, Goettingen (Germany, F.R.). Inst. for 01-08J Jul. 1988
Theoretical Fluid Mechanics. (AGARD-AG-273) Avail: NTIS HC A07/MF A01
ANALYTICAL SURFACES AND GRIDS The various statistical digital simulation methods used in the
HELMUT SOBIECZKY In AGARD, Three Dimensional Grid preliminary analysis and synthesis of a homing missile guidance
Generation for Complex Configurations: Recent Progress p 96-105 system are compared. A unifying example is used to illustrate the
(SEE N88-29313 23-61) Mar. 1988 advantages and computer costs of each of the methods. Author
(AGARD-AG-309) Avail: NTIS HC A08/MF A01

The use of analytical shape generation is described for
wing-body configurations and flow boundary conditions. Flexibility
in geometry definition allows for simple computational grid N89-10050# Dynetics, Inc., Huntsville, AL
interpolation. A test case for experiment and code validation is A GENERIC SEEKER SIMULATION FOR THE EVALUATION OF
illustrated. Author ACTIVE RF GUIDANCE SYSTEMS

FRANK T. CAMPOS In AGARD. Guidance and Control Systems
NSS-29323# Dornier-Werke G.m.b.H., Friedrichshafen (Germany, Simulation and Validation Techniques 9 p (SEE N89-10048
FR.). Theoretical Aerodynamics. 01-08) Jul. 1988
MESH GENERATION FOR INDUSTRIAL APPLICATION OF (Contract F08635-83-C-0123)
EULER AND NAVIER STOKES SOLVERS (AGARD-AG-273) Avail: NTIS HC A07/MF A01
W, FRITZ, W. HAASE, and W. SEIBERT In AGARD. Three The essential features of a generic simulation of an active
Dimensional Grid Generation for Complex Configurations: Recent radio frequency (RF) air-to-air missile seeker is descnbeo. The
Progress p 106-123 (SEE N88-29313 23-61) Mar. 1988 concept of generic simulations is supported by the need for a
(AGARD-AG-309) Avail: NTIS HC A08/MF A01 common test-bed of system models and simulation technology

A considerable increase has been made in recent years in the capable of supporting advanced seeker development programs.
ability to compute flow fields about three dimensional ',n extensive library of target. environment, and RF seeker models
configuratior,3. In order to reach their full potential, robust grid eas incorporated within a modJlar program structure featuring
generation techniques for complicated aerodynamic configurations tri-level hierarchy of program control that allows the selective
must be developed. Three different methods are presented which management of program options for specifying the fidelity and
can be characterized as automatic grid generation for complete functional implementation of models used at the component,
aircraft configurations, completely interactive grid generation and subsystem, and system levels. The Generic Seeker Simulation
generation of solution adaptive grids for Navier-Stokes calculations offers considerable flexibility for simulating a broad range of RF
Although all the presented grid generation techniques use only seeker configurations and has a significant potential for supporting
elliptical grid generation, they show already that there is no unique the evaluation of competitive designs and advanced seekqr
grid generation technique. E R. technologies. Author
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Ng8-10051# Magnavox Electronic Systems Co.. Fort Wayne. N89-11398# Technische Univ., Regensburg (Germany. FR.).
IN. Control Systems Operation. VECTORIZATION OF FORTRAN PROGRAMS AT DO-LOOP
DIGITAL SIMULATION TECHNIQUES FOR END GAME LEVEL
PHENOMENA W. GENTZSCH In AGARD. Computational Fluid Dynamics:
MARTIN E. TANENHAUS and DUANE J. CART In AGARD. Algorithms and Supar Computers p 99-108 (SEE N89-11395
Guidance and Control Systems Simulation and Validation 02-60) Mar. 1988
Techniques 37 p (SEE N89-10048 01-08) Jul. 1988 (AGARD-AG-31 1) Avail: NTIS HC A09/MF A01
(AGARD-AG-273) Avail: NTIS HC A07/MF A01 In previous chapters the impact of computer hardware on

This report is based on efforts to develop a color graphics algorithm performance was discusssed. It was made clear that
based analytical methodology for determining end game the most effective use of the supercomputers comes from sound
performance of smart sensors on missiles and projectiles. These understanding of computer architecture and an appropriate
sensor systems defend against present and future target threats, computational strategy. In this and subsequent chapters, the focus
The development of a computer based methodology to define will by on fluid dynamics applications. Today, and for some years
and test weapon system sensor performance requirements, predict tO come, the major interface between the scientist and the computer
end game sensor and fuze burst point distnbutions. assess weapon will continue to be FORTRAN. Some common techniques are
system effectiveness, and evaluate advanced weapons design presented which are useful in dealing with code optimization within
concepts is presented. A graphics driven target modeling the critical loops of FORTRAN, and in Chapter 5 the important
methodology is presented, together with verification. correlation, consequences of restructuring the linear algebra algorithms
and validation techniques. A complex radar target model with common in CFD applications. Finally, in Chapter 6. major
detailed graphics, radar cross section (RCS), glint, imagery analysis, applications will be reviewed from a computational perspective
and target Doppler signature output was developed. A sensor giving a broad-based approach utilizing proper FORTRAN, proper
system signal processor model is developed and exercised with algorithms, and awareness of architectural dependencies. Here
the target model to provide system performance assessments. we restrict ourselves to discussing some helpful coding techniques,
Verifiable correlation between system model performance and real which are easy to understand and to implement. However, it should
hardware was obtained. End game system function results are be emphasized that the selection of an appropriate algonthm is
utilized in a weapons effectiveness simulation and appraisal. generally far more important than fancy programming techniques

Author (see Chapter 5). Author

N89-11399# Technische Univ., Regensburg (Germany, F.R.).
RESTRUCTURING OF BASIC LINEAR ALGEBRAIC
ALGORITHMS, CHAPTER 5
W. GENTZSCH In AGARD. Computational Fliud Dynamics:

N89-10052# Raytheon Co., Bedford, MA. Algorithms and Super Computers p 109-139 (SEE N89-11395
DESIGN CRITERIA FOR HARDWARE-IN-THE-LOOP 02-60) Mar. 1988
SIMULATION FACILITIES (AGARD-AG-311) Avail: NTIS HC A09/MF A01
S. J. POWERS and M. E. SISLE In AGARD. Guidance and In the previous chapter the vectorization of typical do-loops
Control Systems Simulation and Validation Techniques 10 p (SEE arising in CFD problems was discussed. Until now, we have not
N89-10048 01-08) Jul. 1988 considered the algebraic structure of the basic algorithm, by far
(AGARD-AG-273) Avail: NTIS HC A07/MF A01 the most important consideration, Indeed, a good algorithm poorly

The critena used in the design of a Hardware-in-the-Loop (HIL) coded is usually preferable to a poor one optimally coded. For
simulation facility are outlined. Although dealing with a missile this reason, in the following, we turn our attention to the
interceptor facility, the criteria are directly applicable to any restructuring of some basic linear algebraic algorithms such as
electronic weapon system simulation facility. The first step in the matrixvector and matrix*matrix operations, linear recursions up
process is defining the role that the facility will play in the to more complex algorithms and iterative methods for the solution
development cycle. Facility requirements which drive the model of linear algebraic systems of equations with sparse matrices
and data requirements are then defined and the facility design Problems involving linear algebraic calculations consume large
follows from the requirements. Following completion of the facility quantities of computer time. If substantial improvements can be
development is the conduct of system integration tests, made within the arithmetic section, a significant reduction in the
Verificafion/validation cnteria are established and met, the process overall computation time will be realized. Author
is complete, allowing the facility operation to begin. Facility
operation and maintenance become ongoing functions. Author N89-18449# Air Force Wright Aeronautical Labs.,

Wright-Patterson AFB, OH.
SOFTWARE PRODUCTIVITY THROUGH ADA ENGINES
RICK A. LONG In AGARO, Software Engineenng and Its
Application to Avionics 4 p (SEE N89-18446 11-06) Nov. 1988
(AGARD-CP-439) Avail: NTIS HC A18/MF A01

NSO-11397# Boeing Computer Services Co., Seattle, WA. The use of correct computer hardware to increase programmer
ALGORITHM AND GENERAL SOFTWARE CONSIDERATIONS productivity is explained. An Air Force program is used for specific
KEN W. NEVES In AGARD, Computational Fluid Dynamics: information and examples. Author
Algorithms and Super Computers p 55-98 (SEE N89-11395
02-60) Mar. 1988 N89-18450# Air Force Wright Aeronautical Labs..
(AGARD-AG-311) Avail: NTIS HC A09/MF A0l Wright-Patterson AFB, OH.

This chapter of the study examines the relationship between SOFTWARE DEVELOPMENT GUIDELINES
hardware architecture and computational performance. The setting DENICE S. JACOBS In AGARD, Software Engineering and Its
is scientific computation of a generic sense (i.e., application Application to Avionics 2 p (SEE N89-18446 11-06) Nov. 1988
non-specific). In subsequent chapters, the general implications (AGARD-CP-439) Avail: NTIS HC A18/MF A01
discussed here will be applied to algorithms specific to Due to the growing complexity of avionic systems, the
computational fluid dynamics and to the major computational development cycle for mission critical software has evolved into a
approaches used in that field, In order to give meaningful collective process of organized tasks. These tasks are distinct
appreciation of the concepts discussed, frequent use of examples levels of effort which are implemented by the developer to ensure
on speific hardware architectures will be utilized. Quite often the creation of a reliable, operational system. Four principle tasks
several machine types will be included, and several will not. The are summarized which have proven to be excellent procedures
reasons for this are twofold: (1) it is not always possible to obtain for developing avionics software. The first and foremost task of
exactly the same benchmark results across machine types, and the project manager is to establish a Configuration Control Board
(2) it is not our intent to give a definitive comparison of machine (CCB) as the central core of technical management. It consists of
performance. These reasons may seem superficial at first glance, a group of key hardware and software engineers who mutually
yet they are fundamental to the reality of the state-of-the-art of govern the status of system development, and incorporate design
computer metrics. Author changes on an agreed-to basis. The second task is tc logically
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separate the software project into well-defined phases of Naf-18456# Allied-Signal Aerospace Co.. Fort Lauderdale. FL.
development. This, too requrs the cooperation of both hardware Air Transport Avionics Div.
and software teams to work together in accordance with a master FORMALtZING A THEORY OF REAL-TIME SOFTWARE
schedule. The third task is to create an automated data base SPECIFICATION
which containes the latest interface specifications (lCDs) and ROBERT D. BUSSER In AGARD, Software Engineering and Its
system message definitions for use by the engineers. Finally, the Application to Avionics 22 p (SEE N89-18446 11-06) Nov. 1988
last task is to procure hardware emulators and stand-alone test (AGARD-CP-439) Avail: NTIS HC A18/MF A0l
stations as an effective means of testing software prior to system The approaches taken to specify the requirements and design
integration and tests. Author of real-time embedded systems software range from not at all to

informal textural specifications to semiformal graphics-based

Nag-1S451# Thomson-CSF. Malakoff (France). RCM oiv. languages for data flow, control flow, state transition, and data

ON THE CONDITIONS AND LIMITS OF USER INTERVENTION structure diagrams to formal approaches such as VDM and HOS.

IN DELIVEREL' SOFTWARE MANUFACTURER'S VIEWPOINT Each approach has some problems when applied to the

JEAN R. CHARVOZ In AGARD, Software Engineering and Its specification of large software systems. Part of the reason is that

Application to Avionics 12 p (SEE N89-t8446 11-06) No. 198 there are few formally defined models of the specification hierarchy

(AGARD-CP-439) Avail: NTIS HC A18/MF A01 commonly associated with requirements, design, and

High capacity data processing architectures are now available implementation specifications. Such a model is required as a point
in avionics. The development of embedded software have become of reference in discussions about such specification issues and

a major activity in most avionic equipment manufacturing completeness and consistency analysis performed by some of

companies. These companies are faced with challenges. To meet the current generation CASE tools. A model can provide guidance
customer requirements, the manufacturer often has to satisfy in the identification of just what information to specify; regardless

different, and sometimes contradictory, conditions. These issues of the syntactic aspects of the specification approach used to

include: the characteristic development of equipment which capture this semantic information. In addition, such a model can

includes software (types, activities, tasks, skills, and facilities); the be applied as the deductive inference model underlying an

equivalency of softare modification to a partial redevelopment Al-assisted CASE environment capable of exercising a greater

and the difficulties inherent; and the conditions under which a expert understanding of the information being specified. Such a

customer may modify the software of the equipment. Some answers model is presented in the form of a theory of Real-time Embedded
are provided to aspects of the process of giving a user the System Specification (RESS). A partial vocabulary of the theory is

autonomy to perform software modifications. Author presented along with the basic axioms and representative
theorems. Author

N8S-18453# Computer Sciences Corp., Falls Church. VA.
CONVERSION TO ADA: DOES IT REALLY MAKE SENSE N89-18457# Shape Technical Center. The Hague
ROBERT A. CONVERSE and MITCHELL J. BASSMAN In AGARD. (Netherlands).
Software Engineering and Its Application to Avionics 5 p (SEE THE STATE OF PRACTICE IN ADA-BASED PROGRAM DESIGN
N89-18446 11-06) Nov. 1988 LANGUAGES
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 LAWRENCE G. JONES In AGARD, Software Engineering and

Change is an integral part of any useful operational system. Its Application to Avionics 6 p (SEE N89-t8446 11-06) Nov.
Changes are required for any number of reasons, ranging from 1988
minor errors that exist in the system to major system upgrades to (AGARD-CP-439) Avail: NTIS HC A18/MF A01
meet totally new and different requirements. For the U.S. The use of Ada in avionics and other systems is assuming
Department of Defense (DOD), the manner in which systems are more importance due to a growing body of national policies dictating
changed is of significant interest. Major system upgrades occur in its use in mission critical systems. This has created a need for
virtually every system at various times during their operational software engineering techniques that incorporate Ada concepts
lifetime. One way to manage the changes and to reduce the long so that the transition from a system design to an Ada
term costs associated with them is the use of the Ada programming, implementation is more easily achieved. One of the most common
Avionics is an application area withing DOD for which the use of techniques is to use an Ada-based program design language (ADL).
Ada is a serious consideration. However, in addition to reducing The current state of practice in Ada-based program design
the long term costs, the avionic software must also meet strigent languages is surveyed by examining some leading reports on the
real-time performance and resource utilization requirements. Some subject. Among the more important efforts, the surveys of existing
of the issues associated with the use of Ada to accomplish system ADLs conducted for the U.S. Naval Avionics Center (NAC), the
changes are addresssed. Background and general issues will be Institute of Electrical and Electronics Enginees Recommended
discussed as well as some concerns that are specific to avionics Practice for ADLs, the ADL guidelines produced for Transport
systems. Author Canada, and the ADL guidelines produced for NAC are discussed.

It is noted that the state of practice is considered to be too
N19-1iS45# British Aerospace Aircraft Group, Preston (England). immature for standardization. However, some of the major findings
Military Aircraft Div. are summarized and point to future directions. Author
EMBEDDING FORMAL METHODS IN SAFRA
ANDREW BRADLEY In AGARD, Software Engineenng and Its
Application to Avionics g p (SEE N89-18446 1 t-06) Nov. 1988 N89.18458# Air Force Wright Aeronautical Labs.,
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 Wright-Patterson AFB, OH.

The SAFRA software development method was used DEBUGGING DISTRIBUTED ADA AVIONICS SOFTWARE
extensively and successfully for the production of real-time avionic MARC J. PITARYS In AGARD, Software Engineering and Its
systems at BAe Warton. The method couples a powerful, yet simple, Application to Avionics 8 p (SEE N89-18446 11-06) Nov. 1988
semi-formal specification (CORE) and design (MASCOT) approach (AGARD-CP-439) Avail: NTIS HC A18/MF A01
to provide an environment covering the complete life cycle. Future avionics systems will consist of distributed fault-tolerant
Embedding formal methods into this established approach will architectures. The operational flight software will be written in the
combine requirements capture and structuring techniques with Ada programming language and use a distributed operating system.
mathematically formal specification and designs, facilitating Developing and maintaining this software requires new and
mathematicaf proof of safety critical elements. Following an innovative debugging techniques to reduce cost, time, and
overview of SAFRA, a brief introduction is provided to formal complexity. Two specific techniques are described. These are the
methods and identifies Z, a method founded on set theory and dynamic trace buffers and the software Built-n-Support-Funcions
logic, for detailed investigation. An interface between semi-formal (BISFs). First the need for new approaches to debugging distributed
Snd formal techniques is defined and the results of applying the Ada software is addressed. The implementation of each of the
combined method to a number of avionic specification studies are techniques is presented. The Avionics Laboratory is the only
summarized and discussed. It is concluded by considering the organization to successfully demonstrate both techniques with
potential benefits and costs of adopting formal methods on large MIL-STD-1ZSOA computers. Observations and recommendations
scale, avionic software projects. Author for using these techniques will be reported. Author
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N89-18459# Computer Technology Associates, Inc., Ridgecrest, N89-194B3# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
CA. (Germany, F.R.). Military Aircraft and Helicopter Div.
AUTOMATED ADA CODE GENERATION FOR MILITARY THE MBB TEST STRATEGY AND TOOL SET FOR SOFTWARE
AVIONICS AND SYSTEM INTEGRATION
ROBERT S. ARDREY. II In AGARD, Software Engineering and HERMANN HESSEL and WALTER WAGNER In AGARD. Software
Its Application to Avionics 9 p (SEE N89-18446 11-06) Nov. Engineering and Its Application to Avionics 6 p (SEE N89-18446
1988 11-06) Nov. 1988
(AGARD.CP-439) Avail: NTIS HC A18/MF A01 (AGARD-CP-439) Avail: NTIS HC A18/MF A01

The experience with Ada-directed software development Based on a generic system development concept a test strategy
methodologies is presented. These include functional programming was established withing MBB Military Aircraft and Helicopter
the use of class instances object-oriented design, and Ada as a Division. In order to support this strategy a tool set was developed
program design language. Built upon prior experience, an which is being used for all projects and throughout all development
automated Ada code generation environment is described. The phases. Due to its free configurabiity it can easily be adapted to
environment addresses the enhancement of existing software tools, production line applications as well as to other purposes. Author
new development currently underway, and compiler support for
military flight computers such as the AN/AYK-14. Finally, military N89-18464# DDC International AIS. Lyngby (Denmark)
avionics applications of such an environment are discussed. TOOLS FOR DEVELOPING REAL-TIME EMBEDDED SYSTEMS
Predicted improvements in the areas of prototyping, productivity, IN ADA: NEEDS, PORTABILITY AND EFFICIENCY
reusability, and maintainability are examined. Author ELISABETH BRIE CHRISTENSEN In AGARD, Software

Engineering and Its Application to Avionics 4 p (SEE N89-18446
11-06) Nov. 1988
(AGARD-CP-439) Avail: NTIS HO A18/MF AOl

N89-18460# Sparta, Inc., Laguna Hills. CA. Software and Systems Ada offers some facilities, which were not part of older
Technology tI. languages. To take advartag of Ada for real-time embedded

VERIFICATION AND VALIDATION OF FLIGHT CRITICAL applications, the development tools must support these facilities.
SOFTWARE and be done in an efficient manner. The experiences from a tool
PIO DEFEO and ANTHONY DETHOMAS (Air Force Wright project, the DDC-I symbolic debugger project, which has as its
Aeronautical Labs., Wright-Patterson AFB, OH.) In AGARD. goal to provide a tool which can fulfil the demands of real-time
Software Engineering and Its Application to Avionics 10 p (SEE embedded applications in Ada is presented. Author
N89-18446 11-06) Nov. 1988 N89-18465# British Aerospace Aircraft Group, Warton (England).
(AGARD-CP-439) Avail: NTIS HC A18/MFA0l Military Aircraft Div.

The complexity and the fault tolerance requirements of flight THREE GENERATIONS OF SOFTWARE ENGINEERING FOR
critical systems are rapidly increasing. New techniques and AIRBORNE SYSTEMS
methods must be developed and must be integrated with existing A. 0. WARD In AGARD, Software Engineerng and Its Application
methods so that the rigorous technical objectives of the ,.cation to Avionics 11 p (SEE N89-18446 11-06) Nov. 1988
and validation process of such systems can be met at reasonable (AGARD-CP-439) Avail: NTIS HC A18/MF A01
cost. Some of the advanced requirements of these systems are The serious practice of software engineering is a relatively
examined in critical areas for system architecture and software recent phenomenon and there is a minimum of reported experience
design. Some promising techniques are described which can in the use of methods and tools to support its applications. The
effectively support architectural design and analysis and software technology can be viewed as progressing through several
development and veriication. Author generations typified by the form in which development information

is stored and accessed and the nature of the life cycle. The
former is described in terms of a file, data and a knowledge
base, the latter as progressing from a phase to an object orientedN89-18461 # Air Force Wright Aeronautical Labs., life cycle. Experience with a typical first generation tool set is

Wright-Patterson AFB, OH. described briefly through the airborne software for the Experimental
GUIDELINES FOR EVALUATION OF SOFTWARE ENGINEERING Aircraft Project. This is based largely on the use of structured
TOOLS methods for requirements and design, a programming support
ROBERT E. MARMELSTEIN In AGARD, Software Engineering environment supporting the use of MASCOT and Pascal and
and Its Application to Avionics 6 p (SEE N89-18446 11-06) Nov. rigorous management and control procedures. An advantageous
1988 cost benefit analysis of the project is reported. A move to the
(AGARD-CP-439) Avail: NTIS HO A18/MF A01 second generation of software engineering is being planned under

Because the mandated use of inadequate software engineering the auspices of the Eurofighter Project by the adoption of an
tools in the software lifecycle can have devastating effects on Integrated Project Support Environment (IPSE). The general
program costs, the need for a taxonomy to evaluate these tools characteristics of an IPSE are discussed including the tool interface
is readily apparent. This taxonomy should contain guidelines which and its relevance to emerging standardization activities such as
are applicable to the design of a new tool or the selection of an CAIS and PCTE Plus. A longer termn view of software is presented
existing one. A basic taxonomy is defined for evaluating software with an intimation of the scale and nature of future projects and a
engineering tools. Author form of life cycle better suited to the needs. The requirements for

software engineering to support artificial intelligence, safety critical
applications, and rapid prototyping are reviewed. Author

N89-18462# Rome Air Development Center, Gnffiss AFB, NY N89-18466# Anchor Software Management. Falls Church, VA.
Command and Control Software Technology Div. SOFTWARE READINESS PLANNING
RISE: REQUIREMENTS AND INCREMENTAL SPECIFICATION JACK COOPER In AGARD, Software Engineering and Its
ENVIRONMENT Application to Avionics 6 p (SEE N89-18446 11-06) Nov. 1988
KEVIN M BENNER In AGARD, Software Engineenng and Its (AGARD-CP-439) Avail: NTIS HC A18/MF AOl
Application to Avionics 7 p (SEE N89-18446 11-06) Nov. 1988 A method is presented wherein the capability to support and
(AGARD-CP-439) Avail: 117IS HC At8/MF A01 make changes to avionics system software during the readiness

An environment for capturing requirements and incrementally phase of its life cycle can be guaranteed In recognizing that the
developing a formal specification is introduced. This environment. supportability of the software is completely determined during its
called RISE, is based upon Place/Transition (P/T) Nets. The P/T development, the method cenfers around pre-development
nets are extended within RISE to support timing requirements and planning, decisions, and actions on the part of the avionics system's
hierarchical decomposition as well as providing other extensions acquisition manager. Discussed are the software engineering
necessary for the development of software specifications. The considerations that must be included in the contract to facilitate
main focus of this effort was to define the semantics of hierarchical the future supportability of the software. That is followed by a
decomposition of P/T nets Author description of coitractual requirements to be placed on the
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software support environment used to develop the avionics good processors, a Monte Carlo simulation is presented whose
software to ensure the life cycle supportability of the target avionics qualitative results illustrate the trade-off between accelerated
software. Two tools, a management Plan and a contracting convergence and the accuracy of the value agreed upon.
Standard, that supported the method for ensuring software Author
supportability are described. The Plan provides a vehicle for joint.
customer and contractor, management of the developmental N89-18475# Agusta Sistemi Sp.A., Tradate (Italy).
software support environment. The Standard provides the ROBUST ALGORITHM SYNCHRONIZES MODE CHANGES IN
contractural life cycle supportability requirements. Author FAULT-TOLERANT ASYNCHRONOUS ARCHITECTURES

ANTONIO SILVA In AGARD, Software Engineering and Its
N89-18467# Control Data Corp., Minneapolis, MN. Application to Avionics 8 p (SEE N89-18448 11-06) Nov. 1988
AN AVIONICS SOFTWARE EXPERT SYSTEM DESIGN (AGARD-CP-439) Avail: NTIS HC A18/MF AOl
JUDY L. BRINK and RONALD B HAYNES (Rome Air Development The need for protection against common-mode failures, in
Center. Griffiss AFB, NY.) In AGARD, Software Engineering and hardware and in software, as well as the need to cut hardware
Its Application to Avionics 8 p (SEE N8918448 11-06) Nov. costs and complexity, has led to redundant asynchronous
1988 architectures. The resulting random phase sampled-data systems
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 are loosely coupled, reducing fault propagation, but need to make

The scope is to define an expert software system, implemented homogeneous decisions whenever certain event combinations
in Ada, for avionics in the 1990's, using a table-driven design that occur. Since decisions are basically boolean operations, a method
was developed in a demonstration program as the prototype, in was developed to achieve homogeneous agreement on discrete
order to support tactical decision making applications. As a synopsis signals, without imposing constraints on input or architectural
of what follows it will: point out the relevancy to the avionics characteristics to the system designer. The method saves the
community; give a historical example of a table-driven design in critical problem of synchronized change of operational mode in
the area of reconnaissance management systems; describe the avionic systems, where a safe all or none way of making decisions
design logic behind this historical example by providing a single is of primary importance. Author
thread through the system; discuss the conceptual enhancements
that need to be folded on top of this historical example, as an N89-18480# Bell Telephone Labs., Inc., Whippany, NJ.
additional layer, in order to produce an export software system; FUNCTIONAL PROGRAMMING LANGUAGES AND MODERN
and provide a summary highlighting some reasons the avionics MULTIPROCESSOR ARCHITECTURES: THE EMSP EXAMPLE
community should move in this direction from a software J. DENNIS SEALS and GERALD W. GRUBE In AGARD, Software
perspective. Author Engineering and Its Application to Avionics 8 p (SEE N89-18446

N89-18473# Naval Weapons Center, China Lake, CA. Missile IGt-06) Nov. 188

Software Branch. (AGARD-CP-439( Avail: NTIS HC A18/MF A01

CAN ADA (MIL-STD-1815A) FLY MISSILES Future military systems will require a mix of signal, data.

CARL W. HALL In AGARD, Software Engineering and Its control/decision processing at throughput levels ranging from 0.1

Application to Avionics 8 p (SEE N89-18446 I r-D6) Nov. 1988 to 4 billion operations per second. Estimates of the embedded
(Applicatonto Avai: N H (SA186 A1- v software to support these systems range from 0.5 to 10 million
(AGARD-CP-439 Avail; NTIS (C A18/MF and lines of code. Early in 1980, the Navy recognized the seventy of
assohated technology into the Navy missile domain beginning in these problems and awarded a contract to design a revolutionary
October 1984 was explored. The project was funded by computer architecture that would meet their signal processing
Independent Exploratory Development (ED) ueds. It had a principal needs through the year 2000. The result was the EMSP architecture

objective to develop operational software for a typical Navy missile that combines the programming simplicity of a functional language

in Ada, while examining the issues associated with deployment of with the power of a modular, scalable, heterogeneous

the Department of Defense (DOD) standard language in a real-time multiprocessor. The glue that binds these two attributes is amissile environmet. The project lasted 3 years and was finished data-flow control mechanism that provides a transparent interface

in September 1987 with the Ada software running in a breadboard between the application user and the machine hardware. The
version of the missile guidance computer. The final version of the SUcessful integration of a functional graph language and a
software has almost all the missile functions included with the multiprocessor architecture is reported.

exception of the safety module. Safety deals with the range
requirements during testing and the data were not available, The N89-18485# Office National d'Etudes et de Recherches
computer and software are being moved to the Hardware-In-the Aerospatiales, Toulouse (France). Dept. d'Etudes et de
Loop IHWIL) facility where they will be integrated with various Recherches en Informatique.
missile hardware and a six degree-of-freedom simulation. Current ROLE AND DESIGN OF A SOFTWARE ENGINEERING DATA
plans are to seek funding to fly a test missile at the Naval Weapons BASE IN THE CONTEXT OF AN ADVANCED SUPPORT
Center range with a modified version of the lED Ada code. ENVIRONMENT

Author MICHEL LEMOINE and LAURENT POMMIER (Ecole Nationale
Superieure de I'Aeronautique et de I'Espace, Toulouse, France )

N89-18474"# National Aeronautics and Space Administration. In AGARD, Software Engineering and Its Application to Avionics
Langley Research Center. Hampton, VA. 1I p (SEE N89-t8446 11-06) Nov. 1988 Sponsored by ESPRIT
ACCELERATED CONVERGENCE FOR SYNCHRONOUS Programme
APPROXIMATE AGREEMENT (AGARO-CP-439) Avail: NTIS HC A18/MF A01
J. P. KEARNS, S K. PARK (College of William and Mary, The role and the design of a software engineenng data base
Williamsburg, VA.), and J. A. SJOGREN In AGARD, Software in an Advanced Support Environment are addressed. A first
Engineering and Its Application to Avionics 8 p (SEE N89-18446 introduction recalls the evolution of the file mamagement system,
11-061 Nov. 1988 from the earlier beginning of the operating system up to now
(Contract NAG1.787) where sophisticated ones are available, It is shown why the
(AGARD-CP-439( Avail: NTIS HC At8/MF A01 CSCL 090 classical tile managment system is not sufficient in the context of

The protocol for synchronous approximate agreement presented the software development process. Thus object management
by Dolev al. al. exhibits the undesirable property that a faulty systems are under consideration. Their role is examined and for
processor, by the dissemination of a value arbitrarily far removed some software engineering environment, their main functionalities
from the values held by good processors, may delay the termination are exhibited. But because they are independent on the languages
of the protocol by an arbitrary amount of time. Such behavior is they support, the work occurs at the macroscopic semantics of
clearly undesirable in a fault tolerant dynamic system subject to the manipulated objects. Further more. they only concern static
hard real-time constraints. A mechanism is presented by which (or predefinied) properties of thu development process. Thus there
editing data suspected of being from Byzantine-failed processors is great need for a software engineering data base in which more
can lead to quicker, predictable, convergence to an agreement semantics can be taken into account, especially at the level of
value. Under specific assumptions about the nature of values the object decription. This will guarantee the consistency of the
transmitted by failed processors relative to those transmitted by information stored in a project data bases. Author
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62 with the piogramming language Ada, is described, The problem
of concurrency is described in general and a communication

COMPUTER SYSTEMS concept lor task interactions is proposed. Analysis of the real-time
requirements for future applications leads to the definition of a

set of message types, where deterministic and undeterministic
Includes computer networks and special application computer task interactions can be achieved. Based on this detinition a
systems, distributed machine architecture is presented that consists of a

network of computing units and an autonomous communication
system, designed to reduce all administration work to a minimum.

N87-19924# Leicester Polytechnic (England) A special no-wait-send communication procedure is modeled in
APPLICATION OF LAN'S AND ELECTRONIC OFFICE the Ada language. Restrictions and augmentations for Ada
TECHNIQUES IN THE LIBRARY programming language are worked out subsequently and
M W COLLIER In AGARD The Application of Microcomputers demonstrated by examples. It is shown that Ada has valuable
to Aerospace and Defence Scientific and Technical Information constructs for the description of even hard real-time applications
Work 11 p (SEE N87-19920 12-60) Oct. 1986 by defining the right system concept. This concept is based on a
(AGARD-LS-149) Avail: NTIS HC A06/MF A01 measage-driven distnbuted machine architecture and an

The local area network (LAN) is a method of connecting autonomous communication procedure. Author
computers and peripherals at very high speed. The technology
has been under development since the early seventies and started
to become commercially available about 1980. Commercial
development accelerated in the early eighties as microcomputers
became used for business and professional purposes. 63
Microcomputer LAN's are now a major sector of the office
automation industry. This paper reviews the technology and leading CYBERNETICS
types of microcomputer LAN and explores how the technology
can be integrated with existing library systems. Normal office
automation applications such as word processing, database Includes feedback and control theory, artificial intelligence, robotics
management, spreadsheets and accounting systems can be and expert systems.
implemented in a networked mode. Networking provides the
additional benefits of connectivity and resource sharing. In the
library context networking is particularly important for electronic N87-24945 # National Aeronautics and Space Admistration
mail, information transfer and information sharing. There is potential Langley Research Center, Hampton, VA.
for integrating downloaded information from external databases ARTIFICIAL INTELLIGENCE AND ITS IMPACT ON COMBAT

into local systems. Office automation applications are fundamental AIRCRAFT

to library and information management. Systems may be seen as LAWRENCE M, OTT, KATHY ABBOT, ALFRED KLEIDER, D
sources of management information as well as a medium for MOON, and JOHN RETELLE (Defense Advanced Research
transmission. An effective automated office is in effect a decision Projects Agency, Arlington. Va.) In AGARD Advanced Computer
support system. An automated office is also composed of people, Aids in the Planning and Execution of Air Warfare and Ground
and the introduction of such pervasive technology is complex. Strike Operations 4 p (SEE N87-24940 18-66) Feb. 1987
Attention must be paid to the human factors which as yet are (AGARD-CP-404) Avail: NTIS HC A07/MF A01 CSCL 098
little understood. Author As the threat becomes more sophisticated and weapon systems

more complex to meet the threat, the need for machines to assist
the pilot in the assessment of information becomes paramount.

N89-18476# International Business Machines Corp. Endicott. This is particularly true in real-time, high stress situations. The
DEFINITIONS AND REQUIREMENTS FOR DISTRIBUTED advent of artificial intelligence (AI) technology offers the opportunity
REAL-TIME SYSTEMS to make quantum advances in the application of machine
CHRISTINA BERGGREN In AGARD, Software Engineering and technology. However, if A systems are to find their way into combat
Its Application to Avionics 5 p (SEE N89-18446 11-06) Nov. aircraft, they must meet certain criteria. The systems r,..,;t be
1988 responsive, reliable, easy to use, flexible, and understandau,

(AGARD-CP-439) Avail: NTIS HC At8/MF A01 These criteria are compared with the current status used in a
The performance parameters are defined for distributed combat airborne application. Current Al systems deal with nonrealelthe protrmsyssanc ethers arendefind oritrinte time applications and require significant user interaction. On the

real-time control systems and the differences in requirements are other hand, aircraft applications require real time, minimum human
describ-d between these and the other major categories of interaction systems. In order to fill the gap between where
distributi. ' real-time systems: resource sharing. Examples of explicit technology is now and where it must be for aircraft applications,
values _. the performance parameters are given for some considerable government research is ongoing in NASA. DARPA.
applications. Finally, an evaluation is made of the applicability of and three services. The ongoing research is briefly summarized
existing and emerging communications standards to real-time Finally, recognizing that A technology is in its embryonic stage.
distributed control systems. Author and the aircraft needs are very demanding, a number of issues

N89-18479# Messerschmitt-Boelkow-Blohm G.m b.H.. Munich arise. These issues are delineated and findings are provided where
(Germany. F.R.). Dynamics Div. appropriate. Author

TASK INTERACTIONS IN DISTRIBUTED MACHINES OF
EMBEDDED COMPUTER SYSTEMS NO$-10813# Centre de Recherches de la Compagine Generale
D. FLEMMING and H. GRUNDNER In AGARD. Software d'Electricite, Marcoussis (France)
Engineering and Its Application to Avionics 16 p (SEE N89-18446 GENERATING DIAGNOSTIC KNOWLEDGE FROM A
11-06) Nov. 1988 STRUCTURAL AND FUNCTIONAL DESCRIPTION
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 JEAN-PASCAL AUBERT, JEAN-MICHEL CORNILLE, and ALAIN

The programming and implementing of embedded real-lime MELLER In AGARD, Knowledge Based Concepts and Artificial
computer systems is one of the most difficult problems of Intelligence: Applications to Guidance and Control 4 p (SEE
data-processing technology. The parallel and non-deterministic N88-10806 02-08) Aug -1987 Sponsored by French Defense
actons within the systems are hard to descnbe and check. Nearly Ministry
all languages designed for 'eal-time applications, as e g., real-time (AGARD-LS-155) Avail: NTIS HC A07/MF AO
FORTRAN, Coral 66, and RTL/2 are incomplete tools to solve The problem of diagnostic knowledge acquisition is discussed
the problem of concurrency because of their inherently sequential A front-end to a diagnostic system under development that provides
nature. The programming language Ada offers constructs for the aids to the expert in the process of diagnosis rules design is
descnption of task interactions in a very abstract manner without presented. This front-end uses structural and functional modeling.
relation on the architecture of the target machine. The It is thought to be general enough to be applied to other
harmonizabon of a message drive distributing machine architecture applications Author
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N88-10814# Lear Siegler. Inc., Grand Rapids, MI. Instrument 64
and Avionic Systems Div
A REVIEW OF THE KNOWLEDGE ENGINEERING PROCESS NUMERICAL ANALYSIS
MICHAEL W. BIRD In AGARD, Knowledge Based Concepts and
Artificial Intelligence: Applications to Guidance and Control 12 p
(SEE N88-10806 02-08) Aug. 1987 Includes iteration. difference equations. and numerical

(AGARD-LS-155) Avail NTIS HC A07/MF A01 approximation.

An overview of all parts of the knowledge engineering process
is given. The basic types of data structures used for representing
knowledge in an expert system are described, including production N97-16377# Crantreld Inst. of Tech.. Bedford (England). Coll,

rules and frames. The computer based tools available for assisting of Aeronautics.
engineers in acquiring and testing knowledge bases are discussed. INTRODUCTION TO FINITE ELEMENT BASICS

Also covered is the validation of expert systems. Author A. J. MORRIS In AGARD Practical Application of Finite Element
Analysis to Aircraft Structural Design 35 p (SEE N87-16376
08-39) Aug. 1986
(AGARD-LS-147) Avail: NTIS HC A07/MF A01

A solution technique which is numerically stable, easily
programmed and can be adapted to a wide range of problem
types without excessive interference by the user is provided by

N89-18482# Thomson-CSF, Issy les Moulineaux (France). Expert the finite element method, from a structural viewpoint. The essence
System Lab, of the finite element method involves dividing the structure into a
SPOCK: A TOOL FOR REAL TIME ARTIFICIAL INTELLIGENCE suitable number of small pieces called finite elements. The
[SPOCK: UN OUTIL POUR L'INTELLIGENCE ARTIFICIELLE intersections of the sides of the elements occur at nodal points
TEMPS REEL] or nodes and the interference between elements are called nodal
J. P. LACROIX, G. A. BERTHON, FRANCOIS FAGES lines and nodal planes. For structural problems involving static or

(Thomson-CSF, Orsey, France ). and P. REPUSSEAU In AGARD, dynamic applied loads, the behavior of the structure is defined in
Software Engineering and Its Application to Avionics 11 p (SEE terms of displacements and/or stresses. Within each of the
N89-18446 11-06) Nov. 1988 In FRENCH, ENGLISH summary elements a pattern or shape is selected for the unknown
Translation was announced as N89-10574 displacement or stress. In the case of a displacement field the
(AGARD-CP-439) Avail: NTIS HC A18/MF A01 shape function defines the behavior of displacements within an

Airborne expert systems must take into account very horsh element in terms of unknown quantities specified at the element
real time conditions which, when combined with the environmental nodes. These nodal values are known as nodal connection
conditions of the object computer, require the development of quantities and allow the deformation behavior in one element to
new solutions. The proceduralization obtained by compiling the be communicated to adjacent elements. In the case of an assumed
RETE algorithm toward symbolic, procedural, or real time oriented stress field in the element the connection quantities are different
target languages provides a solution to the primary problems of but the underlying principle is the same. E.R.

airborne applications: speed requirements, memory control,
harmonization of symbolic parts with the traditional portions of N87-20205# Office National d'Etudes et de Recherches
the applications. The approach is supported by the SPOCK family Aerospatiales. Paris (France).
of tools (-LISP. C. LTR3. Ada) developed by the Central Research NEW NUMERICAL TECHNIQUES IN THE METHOD OF
Laboratory of Thomson-Csf which offers significant improvements SINGULARITIES FOR APPLICATION TO COMPLEX
over presently available products. One of the SPOCK applications THREE-DIMENSIONAL CONFIGURATIONS [TECHNIQUES
in Thomson-Csf is a helicopter mission and system which takes NUMERIQUES NOUVELLES DANS LES METHODES DE
into consideration the threats and terrain, thanks to integration SINGULARITES POUR L'APPLICATION A DES
with an airborre cartographic data base. Author CONFIGURATIONS TRIDIMENSIONNELLES COMPLEXES]

T. H. LE. Y. MORCHOISNE, and J. RYAN In AGARD Applications
of Computational Fluid Dynamics in Aeronautics 22 p (SEE

N87-20199 13-02) Nov. 1986 In FRENCH Original language
document was announced in IAA as A87-21085
(AGARD-CP-412) Avail: NTIS HC At9/MF A01

A singularity method for the analysis of steady irrotational

N89-18484# Office National d'Etudes et de Recherches inviscid incompressible flows around complex three-dimensional
Aerospatiales. Paris (France). bodies is developed and demonstrated The technique is based
MULTI-INPUT DECISION AID PROCEDURE: APPLICATION TO on numerical integration and a steepest-descent soluton procedure
MULTI-SENSOR TARGET CLASSIFICATION [PROCEDURE and employs a simple lumping scheme to improve the accuracy
D'AIDE A LA DECISION MULTI-INFORMATEURS APPLICATION while providing significantly lower computation times than
A LA CLASSIFICATION MULTI-CAPTEURS DE CIBLES) conventional methods. Results for sample problems involving a
A APPRIOU In AGARD, Software Engineering and Its Application helicopter fuselage and a wing art presented in tables and
to Avionics 15 p (SEE N89-18446 11-06) Nov. 1988 In graphs. ER
FRENCH
(AGARD-CP-439) Avail: NTIS HC A18/MF A0t NO7-2021I# Naval Surface Weapons Center, Silver Spring, MD

A decision making process designed to handle the majority of Applied Mathematics Branch.
selection problems associated with multiple information inputs is A SECOND ORDER GODUNOV METHOD FOR TACTICAL
described beginning with both an objective and exhaustive MISSILES
formulation of this class of problems. The process described, A. B. WARDLAW JR. and S. F. DAVIS in AGARD Applications
characteristic of those incorporated into expert systems capable of Computational Fluid Dynamics in Aeronautics 10 p (SEE
of carrying on different options in an interactive mode, is illustrated N87-20199 13-02) Nov. 1986
through an application to multi-sensor target classification. This (AGARD-CP-412) Avail: NTIS HO A19/MF A01
application lends itself to discussion of the behavior of a number A second order Godunov scheme is described for steady
of techniques for data fusion and the adaptive formulation of the supersonic flow. This scheme, which marches the solution in space,
decistor. problem. An extension of the decision methods to a is cast in a finite volume formulation and uses a mesh generated
resource allocation process is presented. Starting from the by a multiple zone procedure. Second order accuracy is obtained
simultaneous analysis of preliminary information about a certain by computing local slopes and adding a predictor step. The bow
number of situations, the resource allocation process allows the shock is fit using the information contained within the Riemann
processing of one of these situations to be attnbuted to each of problem. The scheme is applied to body-alone and finned
the input sensors, so as to provide the best evaluation of the configurations for which measurements are available. Reasonable
ensemble of situations. A comparison of various open solutions is agreement is obtained between experiment and calculation without
carried aut by a simulation of the classification scenario. Author the use of artificial viscosity or special procedures. Author
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N89-17741# Wayne State Ur.v, Detroit. MI. Dept. of 65
Mathematics
ON FUNCTIONAL APPROACH TO RANDOM WAVE STATISTICS AND PROBABILITY
PROPAGATION PROBLEMS
P L. CHOW In AGARD. Scattering and Propagation in Random
Media 6 p (SEE N89-17706 10-31) Mar. 1988 Sponsored by Includes data sampling and smoothing: Monte Carlo method; and

NSF, Washington. DC stochastic processes

(AGARD-CP-419) Avail: NTIS HC A23/MF A01
The method of functional integration for wave propagation

through random media is presented. The method is applied to N89-17611# Sverdrup Technology. Inc.. Eglin AFB. FL.

calculate the coherent and mutual coherent functions for a Operations Research Dept.
parabolic wave. It is shown that a correction to the parabolic STATISTICAL TECHNIQUES APPLIED TO ANALYSIS OF

Markovian approximation can be easily made in this setting Then AIMPOINT DISTRIBUTIONS

the method is also applied to the random Hetmholtz equation. It V DARRYL THORNTON and JOSEPH M. CONRAD In AGARD.

is possible to solve this problem by either Feynman's path integral Guidance and Control of Precision Guided Weapons 8 p (SEE

or Wiener's integral. Asymptotic evaluation of such functional N89-t7605 10-15) Nov 1988

integrals is described. Examples and general remarks are (AGARD-CP-435) Avail. NTIS HC A05/MF A01

provided. Author The intent is to illustrate the application of several statistical
techniques that seek to maximize the amount of information gained
A stepwise multiple regression technique is presented that asists
in the identification of significant parameters. Having identified these
parameters, a Chi-square goodness-of-fit technique is used to test
the hypothesis that the form of the proposed aimpoint distribution
is. as an example. bivariate normal. Finally, a second regression
technique is presented that generates coefficients corresponding

N89-17742# Cambridge Univ. (England). Dept. of Applied to those parameters that were found to be the most significant.
Mathematics and Theoretical Physics. Using these coefficients. sensor performance parameters may then

NUMERICAL SIMULATION OF WAVE PROPAGATION IN be predicted in those areas where data is sparse. Author

RANDOM MEDIA
MARK SPIVACK In AGARD. Scattering and Propagation in
Random Media 5 p (SEE N89-17706 10-31) Mar. 1988
(AGARD-CP-419) Avail: NTIS HC A23/MF A01

Numerical simulation of random wave propagation has
numerous applications It enables the examination of individual
features of the wave-field and the modeling of actual experiments.
Statistical quantities such as average power spectra of intensity
fluctuations can also be obtained for comparison with theory. Some
of the techniques and uses of numerical simulation are explained
and some of the results which emerge are described. Author
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Includes mathematical modeling; network analysis, and operations
research.

N89-17745# Pennsylvania State Univ., University Park. Center

for the Engineering of Electronic and Acoustic Materials
MULTIPLE SCATTERING OF WAVES IN RANDOM MEDIA N87-16004# Science Applications International Corp. Huntsville
CONTAINING NON-SPHERiCAL SCATTERERS AL
VASUNDARA V VARADAN, VIJAY K. VARADAN. and YUSHIEH LETHAL AIR DEFENSE SUPPRESSION TECHNOLOGY BASE
MA In AGARD. Scattering and Propagation in Random Media 8 DEFINITION
p (SEE N89-17706 10-31) Mar. 1988 HAROLD L. PASTRICK. JOHN A FRECH, WILLIAM R. DAY. and
(Contract DAAG29-84-K-0187: DAAG29-85-K-0234) ANTHONY BIELE (Air Force Armament Lab.. Eglin AFB. Fla ) in
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 AGARD Guidance, Control and Positioning of Future Precision

The effect of multiple scattering, scatterer geometry, statistics Guided Stand-Off Weapons Systems 10 p (SEE N87-16000
of the positional and orientational distribution functions on the 08-15) Jun. 1986
propagation of time harmonic electromagnetic waves in a medium (AGARD-CP-388) Avail: NTIS HC A12/MF A01
containing a random distnbution of nonspherical scatterers are One of the major thrusts of the Air Force Armament Laboratory
considered. Some of the features that complicate the analysis is to develop technologies for the advanced weapons required to
are, the size of the scatterers is comparable to the wavelength of accomplish lethal defense suppression. In order to develop the
the propagating wave, the volume fraction occupied by the long range investment strategy for this thrust, a Technology Base
scatterers need not necessarily be small: and the impedance Definition Study for lethal defense suppression was conducted. A
mismatch between the scatterers and the host medium need not major product was a Long-Range Integrated Technology Plan
necessanly be small. These in turn necessitate some of the effects which: identifies specific technology efforts, outlines their required
to be examined, namely: detailed modeling of scatterer geometry maturity dates to meet the envisioned weapon system needs and
and scatterer response, multiple scattenng effects, and the effects then establishes the investment strategy required to meet the thrust
of correlations Some recent results using nonspherical statistics objectives. In addition to, and in support of the development of
for the second moment of the field are presented. The pair the long-range plan, a threat survey, a user survey, a system
correlation function for spheroidal particles was generated by Monte survey, and a technology survey, as well as a cost and operational
Carlo simulation as a function of the distance between then and effectiveness analysis, was conducted and published as separate
the direction of the vector joining their centers At present the reports. It was concluded that the required technologies to achieve
pair correlation function is being generated for randomly oriented a cost effective weapon system would best be directed toward a
spheroids and the effects of interparticle torces are considered long-range. semi-ballistic missile with a dispenser/submunilion
as well as high order correlation functions for clusters of particles warhead. Six major technology areas were described for further
All of these were incorporated into the multiple scattering research and development exploitation through the year 1998 and
calculations and compared with available expenmental results, a total of eleven elements were defined in the 12 year planning

Author cycle Author
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N7-160016 National Aerospace Lab. Amsterdam processing are described and the development and evaluation of
(Netherlands). a Knowledge Based ESM system model aimed specifically at
TACTICAL MISSION PLANNING AND MANAGEMENT improving the emitter classification capability of automatic ESM
P. J. M. URLINGS and A. L. SPIJKERVET In AGARD Guidance, are outlined Author
Control and Positioning of Future Precision Guided Stand-Off
Weapons Systems 9 p (SEE N87-1600 08-15) Jun 1986
Previously announced as N87-14198 N87-24942# Rome Air Development Center. Gnffiss AFB, NY
(AGARD-CP-388) Avail: NTIS HC A12/MF A0l DARPA'S AIRLAND BATTLE MANAGEMENT PROGRAM AND

The operational requirements for automation of tactical mission USAF'S TACTICAL EXPERT MISSION PLANNER (TEMPLAR)
planning and management are summanzed. Based on these PETER F. H. PRIEST. I1 In AGARD Advanced Computer Aids in
requirements, the CAMPAL-system is reviewed Analysis software the Planning and Execution of Air Warfare and Ground Strike
packages are highlighted, since they provide the CAMPAL-system Operations 6 p (SEE N87-24940 18-66) Feb. 1987
with planning features for penetration and attack. Developments (AGARD-CP-404) Avail: NTIS HC A07/MF A01
in tactical mission planning and management suggested by The Defense Advanced Research Projects Agency (DARPA)
advances in knowledge engineering and expert systems are has a long history of supporting research in the areas of Artificial
discussed. ESA Intelligence (A). The DARPA Strategic Computing Program is

developing an A technology base upon which several applications
N87-16009# Electronique Serge Dassault, Saint Cloud (France). programs are being built including the AirLand Battle Management
GUIDED STAND-OFF WEAPONS AND THE EVALUATION OF Program (ALSM). The ALBM program office is cotunding the U.S.
MEANS FOR LAUNCH CALCULATION: THE APPLICATION OF Air Force's first major Al application: Rome Air Development
NEW TECHNIQUES [LES ARMES GUIDEES TIREES A Center's Tactical Expert Mission PLAnneR (TEMPLAR). The
DISTANCE DE SECURITE ET LEVOLUTION DES MOYENS DE TEMPLAR program is an advanced development level effort that
CALCUL EMBAROUE: L'APPORT DES TECHNIQUES is building upon demonstrated systems at the exploratory
NOUVELLES] development level as well as the Strategic Computing tech base.
J. P. QUEMARD In AGARD Guidance, Control and Positioning The TEMPLAR program and its links to the AirLand Battle
of Future Precision Guided Stand-Off Weapons Systems 8 p Management and Strategic Computing Programs are described.
(SEE N87-16000 08-15) Oct. 1985 In FRENCH Author
(AGARD-CP-388) Avail: NTIS HC At2/MF A01

The future development and utilization of guided standoff
weapons is examined with particular emphasis on the development N87-24943# Rome Air Development Center, Griffiss AFB. NY.
of required system software. Possible computer/software KRS: A KNOWLEDGE-BASED MISSION PLANNER
architectures are described and the utilization of artificial KEVIN M BENNER and MICHAEL L. HILTON In AGARD
intelligence techniques is discussed. B.G Advanced Computer Aids in the Planning and Execution of Air

Warfare and Ground Strike Operations 7 p (SEE N87-24940
N87-24940# Advisory Group for Aerospace Research and 18-66) Feb. 1987
Development, Neuilly-Sur-Seine (France). Avionics Panel. (AGARD-CP-404) Avail: NTIS HC A07/MF A01
ADVANCED COMPUTER AIDS IN THE PLANNING AND The KRS program is a knowledge-based system for planning
EXECUTION OF AIR WARFARE AND GROUND STRIKE offensive-counter-air missions. The KRS aides human planners in
OPERATIONS preparing Air Tasking Orders and can either be used interactively
Feb. 1987 140 p In ENGLISH and FRENCH Meeting held in as a plan verifier or autonomously as a plan generator The KRS
Kongsberg. Norway, 12-16 May 1986 Original contains color informs the user of any logical or doctrinal inc )nsistencies in a
illustrations plan, and keeps track of resources and target status. Users can
(AGARD-CP-404; ISBN-92-835-04t0-0; AD-A182096) Avail: communicate with KRS via a natural language interface. pop-up
NTIS HC A07/MF A01 menus, or a mouse pointing device. An overview of the KRS s

The pace and complexity of modern air warfare have reached capabilities, its knowledge representation schemes, how KRS
the point where advanced computer aids are essential to assist verifies plans, and how plans are automatically generated, are
the aircrew and the commander on the ground. Computers are presented. Author
now used extensively in the operation and control of specific
equipment, such as advanced weapon systems, surveillance radars,
electronic warfare and communications systems. However, there N87-24944# Rome Air Development Center. Gnffiss AFB. NY
are still many areas which rely heavily on human decision making. DECISION AID FOR THREAT PENETRATION ANALYSIS
The increasing use of Artificial Intelligence (All techniques, including ROBERT J. KRUCHTEN In AGARD Advanced Computer Aids in
Intelligent Knowledge Based Systems (IKBS) and Expert Systems the Planning and Execution of Air Warfare and Ground Stnke
will at one extreme allow decision making to be increasingly Operations 7 p (SEE N87-24940 18-66) Feb. 1987
automated or controlled by non-expert personnel, and at the other (AGARD-CP-404) Avail: NTIS HC A07/MF A01
extreme greatly extend the capabilities of military commanders. A concept is described for a threat penetration aid. A
The successful application of computers should provide improved proof-of-concept version of this aid was built at RADC on a
effectiveness, flexibility, and reliability resulting in a saving of Symbolics 3670 Lisp processing system. Route planning aids were
resources and personnel. For individual titles, see N87-24941 created in the past to find a path through an area of ground
through N87-24955. threats. Unfortunately these aids tend to be limited by a narrow

perspective of the threat environment and a mathematical approach
N87-24941# Software Sciences Ltd., Farnborough (England). that makes it difficult to add features. The intent of this effort was
Electronic Warfare Dept. to create an aid that used heuristic reasoning to simplify the analysis
THE USE OF KNOWLEDGE BASED SYSTEMS TECHNIQUES and which had a more global perspective of the environment than
IN ESM PROCESSING the existing aids. Although there is recent work, most notably a
J H. PALFREYMAN In AGARD Advanced Computer Aids in the TRW effort for in-flight reptanning, that offers a more global
Planning and Execution of Air Warfare and Ground Strike perspective of the environment than existing aids, the approach
Operations 8 p (SEE N87-24940 18-66) Feb. 1987 used is unique. The concept presented offers great increases in
(AGARD-CP-404) Avail: NTIS HC A07/MF A01 speed over present route planning aids at a slight loss of precision

The Electronic Support Measures (ESM) System attempts to In addition, the aid goes beyond simple route optimization and
detect, analyze, and classify sources of radio and radar emissions can grow to directly assist in choosing tactics, electronic warfare
in the environment. The ESM system provides valuable emitter applications, or saturation techniques. It also can quickly add.
classification information to the host plafform's Command and delete, modify, or move threats. It can take on these additional
Control System or associated Electronic Countermeasures (ECM) tasks by exploiting its speed advantage and data structure. The
equipment. However, the current generation of Automatic ESM basic architecture of the aid. some of its limitations, its advantages.
systems often produce ambiguous or incorrect emitter its growth potential, and finally some recommendations for
classifications in the adverse conditions of actual conflict. The application development and further research are descnbed.
application of Knowledge Based Systems techniques to ESM Author
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N87-24947# Naval Air Systems Command, Washington. DC N87-24954# Electronic System G m b H Munich (Germany.
INTEGRATED MULTISENSOR TARGETING FR )
PETER G. KRUEGER. ERNESTO BENITES. DOUGLAS W COMPUTER AIDED SENSOR PLACEMENT OPTIMIZATION
COWAN, W rODNEY DITZLER. and ALFRED G SUTTON (Naval A KAINZINGER and W RATH In AGARD Advanced Computer

Weapons Center, China Lake. Calf.) In AGARD Advanced Aids in the Planning and Execution o1 Air Warfare and Ground
Computer Aids in the Planning and Execution of Air Warfare and Strike Operations 7 11 (SEE N87-24940 18-66) Feb 1987

Ground Strike Operations 9 p (SEE N87-24940 18-66) Feb (AGARD-CP-404) Avail NTIS HC A07/MF A01
1987 The problem of optimal sensor placement increases with the
(AGARD-CP-404) Avail: NTIS HC A07/MF A01 mobility of the sensors Threats e g, caused by missile technologies

The integrated multisensor targeting effort is a United States lead to sensor systems, where some of the sensors are highly
Navy Exploratory Development program directed at the mobile Thus the optimization of sensor placement for a given
development and demonstration of multisensor targeting algorithms surveillance area becomes a complex and time critical task it

for air-to-air application The program for developing the capability constraints (operations areas, terrain nodulation. terrain
is described. The current algorithm development is presented The accessability. sensor capabilities, tactical objectives. and assumed
simulation tool and the real-time system which support the tactical objective of the WP torces) are taken nto account A
development and demonstration of the algorithms, respectively, layer model is presented for the computer aided stepwise
also are described, and finally the plans for testing the capability optimization o sensor placement The computer tool is based on
are discussed briefly. Author digitized terrain data containing information about the height and

cultures The layer model is based on interactive procedures and

N87-24951# Naval Weapons Center, China Lake, CA. automatic decision guidance The software can be installed or,

CONSOLIDATED LAND ATTACK MISSION PLANNING STATION minicomputers with a color display and color printer thus making

(CLAMPS) it a mobile transportoton tool which can be used online in the

ROBERT T HINTZ, M. J BOYD, and D LUBBEN In AGARD field Author

Advanced Computer Aids in the Planning and Execution o Air
Warfare and Ground Strike Operations 14 p (SEE N87-24940
18-66) Feb 1987 N8724955# Marconi Avionics Ltd . Rochester (Englandi

(AGARD-CP.404) Avail NTIS HC A07;MF A01 Airborne Display Div

The proposed mission planning station described is a result of AN INTEGRATED AIRCRAFT NAVIGATION AND DISPLAY
a Naval Weapons Center discretionary funded study performed in SYSTEM UTILISING AN ON-BOARD COMPOSITE DATA BASE
conjunction with the AV-B Program Office in 1985 The approach M L BUSBRIDGE and D, J PULESTON n AGARD Advanced

described draws heavily on the development and deployment of Computer Aids in the Planning and Execution of Air Warfare ani

digital map technology for use on modern attack aircraft. The Ground Strike Operations 4 p (SEE N87-24940 18-66) Feb

characteristics of the digital map are derived from a draft product 1987
specification currently being prepared for submission to the Defense (AGARD-CP-404) Avail: NTIS HC A07/MF A01
Mapping Agency (DMA), and the AV-aB requirements document It is likely that future aircraft will contain a central data base
for a digital map capability. The envisioned digital map would utilize containing feature details, ground elevation, low flying obstru 'tion
optical disk storage for the map. and additional solid state storage data, intelligence, and mission data. Recent advances in technology
for the annotation generated by the planning station The mission have made it possible to implement such a rata base within an
planning station is shown in three configurations ranging from a aircraft. The existence of a central data base facilitates many
baseline capability (which may even be appropriate for an individual functions for both low level ground attack and air defense aircraft

aircraft), up to a fully capable station capable of interacting with These functions include improved moving map displays, precision
other digital data bases and even generating its own optical disk navigation systems. cover, radar shadowing, surface to air missile

Author site intervisibility. and perspective terrain displays for use in adverse
visibility conditions The integration ol such a system is currently

N87-24952# National Aerospace Lab., Amsterdam being finalized and forms part of an ongoing flight trials program

(Netherlands) in fixed wing let aircraft Author

AUTOMATION STRATEGY AND RESULTS FOR AN AIRBASE
COMMAND AND CONTROL INFORMATION SYSTEM (ACCIS)
R P DEMOEL and W N VANDRANEN (Royal Netherlands Air
Force, The Hague ) In AGARD Advanced Computer Aids in the
Planning and Execution of Air Warfare and Ground Strike 71
Operations 18 p (SEE N87-24940 18-66) Feb 1987

(AGARD-CP-404) Avail NTIS HC A07/MF AOl
Automation is considered the appropriate way to improve the ACOUSTICS

effectivity o1 preparation and deployment of weapon systems in
the increasingly complex scene of battle. This automation is aiming Includes sound generation. transmission, and attenuation
for the support of the activities, because, according to the opinion
of the RNLAF. human intellectural capacity is essential to a

balanced commercial and control process Human intelligence and N89-17737# Cambridge Univ (England) Ocean Acoustics
creativity combined with speed and storage capacity of the Group
computer may improve the quality of the preparation and the INTENSITY FLUCTUATIONS DUE TO MOVING POINT
effectity of the deployment of weapon systems Author SOURCES

B. J, USCINSKI In AGARD. Scattering and Propagation in Random
N87-24953# Advisory Group for Aerospace Research and Media 7 p (SEE N89.17706 10-31) Mar 1988
Development, Neuily-Sur.Seine (France) jAGARD-CP-4t9) Avail: NTIS HC A23/MF A01
CURRENT STATE OF AN EXPERT SYSTEM ITENUE A JOUR An understanding of point sources in random media is essentria.

DE SITUATION PAR SYSTEME EXPERT) if dealing with real sources, and effects such as source motion.
GERARD KITTEN and LOIC LEGUISQUET In AGARD Advanced Reliable theory now exists for the intensity fluctuations due to
Computer Aids in the Planning and Execution of Air Varfare and point sources in such media. Numerical simulations o such
Ground Strike Operations 4 p (SEE N87-24940 18-66) Feb fluctuations agree with theoretical results The intensity fluctuation
1987 in FRENCH theory and simulations were extended to deal with the case of a

IAGARO-CP-404) Avail NTIS HC A07/MF A0l moving source aid observer It is shown that as regards ensemcle
Artiicial intelligence methods are discussed in the context of averaged quantities such as the intensity fluctuation spectra there

decision aid systems employed by the french tactical air force In is reciprocity bet veen motion of the source and that of the observer
particular, the development and use of an expert system for military However, such recipocity does not exist if one is dealing with the
C31 (command. control. communications and intelligence) is detailed fluctuation pattern arising in a particular realization of a
addressed M G random medium Author

236



74 OPTICS

N89-17740# Virginia Polytechn:c Inst. and State Univ.. Blacksburg as well as the differences between fiber-optic gyro and ring laser
Dept of Electncal Engineering. gyro technology Examples are given of applications whore
ON THE APPLICABILITY OF CONTINUOUS SCATTERING fiber-optic gyro or ring laser gyro technology is particularly suitable.
METHODS TO DISCRETE SCATTERING PROBLEMS Distinctions are made between analog fiber-ophc gyros which offer
IOANNIS M BESIERIS In AGARD. Scattering and Propagation the lowest possible cost but are limited in performance capability
in Random Media 6 p (SEE N89-17706 10-31) Mar 1988 and digital fiber-optic gyros which offer the wide dynamic range
(AGARD-CP-419) Avail: NTIS HC A23/MF A01 and accurate scale factor correction required for more stringent

The equivalence between continuous and discrete scattering applications Author
modeling was examined at two statistical levels: the diiect
interaction/ladder approximation (continuous) - Twersky approach N87-13277# Litton Systems (Canada) Ltd. Rexdale, (Ontario)
(discrete), and the first order smoothing approximation (contlnu..s. Advanced Optical Systems Group.
discrete) Full first and second order moment equivalence was CLOSED LOOP FIBER OPTIC GYRO
established only at the level of the first order smoothing (or bilocal) D. H. LEWIS, B. BEDNARZ, J. A. DAN:1,OWYCH. K JEW. G
approximation and, even then, for soft scatterers with weak JOSLIN. and W A YOUNG In AGARD Guided Optical Structures
transition operators Author in the Military Environment 10 p (SEE N87-13273 04-74) May

1986
IAGARD-CP-383) Avail: NTIS HC A14/MF A01

74 A breadboard closed loop gyroscope using ordinary single mode

fiber and a multi-mode diode laser is described. Closed loop rotation

OPTICS rate bias stability data are presented for both short term and long
term. The performance of the gyro is displayed in the frequency
domain as well as in the time domain The performance achieved

Includes light phenomena, and optical devces was a rotation rate noise of 5 deg/hr for 1 sec integration. 0.55

deg/hr for 100 second integration and an extrapolated drift of

N87-13273# Advisory Group for Aerospace Research and 0.09 deg/hr. The long term (6 hours) bias stability was I deg/hr

Development. Neuilly-Sur-Seine (France). Electromagnetic Wave Author

Propulsion Panel.
GUIDED OPTICAL STRUCTURES IN THE MILITARY N87-13278# Plessey Co. Ltd., Romsey (England)
ENVIRONMENT PROGRESS WITH MULTIPLEXED SENSOR ARRAYS BASED
H HODARA. ed and P CROSIGNANI, ed. May 1986 310 p ON REFLECTION AT SPLICED JOINTS BETWEEN SENSORS
Meeting held in Istanbul. Turkey. 23-27 Sep. 1985 J P. DAKIN, C A. WADE and P. B WITHERS In AGARD
(AGARD-CP-383; ISBN-92-835-0391-0; AD-A171227) Avail: Guided Optical Structures in the Military Environment 6 p (SEE
NTIS HC A14/MF A01 N87-13273 04-74) May 1986

A new technology has ansen and is expanding quickly, single (AGARD-CP-383) Avail: NTIS HC A14/MF A01
mode structures in the form of optical fibers and planar waveguides Recent progress made in developing a time-division-multiplexed.
operating at long wavelength, 1.3 micron and beyond, with minimum fiber optic hydrophone array using optical time domain reflectometry
attenuation and dispersion. Fibers with attenuation below 0 5 )OTDR) techniques is reported. Recently, improvements have been
dB/km. and bandwidths in the hundreds of GHz-Km have opened made in four main areas: (1) development of partially reflecting
up long distance. repeaterless tranvii,ssion on land and splices; (2) development of a high power single mode gas laser
underwaler In addition, the single mode structure has bred a new for use in the present system; (3) development of a
class of passive devices: sensors capable of detecting sound, balanced-optical-path arrangement to allow shorter coherence
magnetic field, motion, temperature, humidity and many other length sources to be used in future systems; and (4) development

characteristics, all of them approaching the theoretical detection of an all-fiber frequency shiter, with the ultimate aim of producing
limit New active components are developing: single mode, high a complete all-fiber system. E R
efficiency, long life chips operating at room temperature.
electro-optic switches and components capable of generating new N87-13279# Plessey Co. Ltd.. Romsey (England)
frequencies through Raman scattering and other nonlinear MAGNETIC AND PRESSURE SENSORS USING THE
phenomena. For individual titles see N87-' 1274 through COMPENSATED POLARIMETRIC SENSOR CONFIGURATION
N87-13306 J. P. DAKIN, C R. BATCHELLOR, and J A REX In AGARD

N87-13274# Naval Research Lab.. Washington. DC. Guided Opitcal Structures in the Military Environment 7 p (SEE

PROGRESS IN OPTICAL FIBER SENSORS N87-13273 04-74) May 1986
T G GIALLORENZI In AGARD Guided Optical Structures in the (AGARD-CP-383) Avail: NTIS HC A14/MF A01
Military Environment 13 p (SEE N87-13273 04-741 May 1986 The identical lengths of high birefringence fiber spliced together
AGARD-CP-383) Avail: NTIS HC A14/MF A01 with a 90 deg axial rotation to couple their orthogonal birefringent

A review of the status of Optical Fiber Sensor Technology is axes form the basis of a compensated polarimetric optical fiber
preiewed a the status of O lber oseano Teolio sensor. This can be used to detect differential strains in the two

presented and the effects of laser noise and demodulation fbrlntscue ysc hnmn shdottcpesr
techniques on performance are reviewed. Recent work on the fiber lengths caused by such phenomena as hydrostatic pressuredevelopment of fiber telemetry scheme for use with optical fiber or magnetic fields (the strain being introduced by magnetostrictive
sensors is also detailedm Author material bonded to the fiber). Magnetic and pressure sensors were

constructed using this principle and show good sensitivity yet better

N87-13276# McDonnell-Douglas Astronautics Co., Huntington stability then Mach-Zehnder arrangements. Author

Beach. CA.
COMPARISON OF RING LASER AND FIBER-OPTIC GYRO N87-13280# Consiglio Nazionale delle Ricerche. Florence (Italy)
TECHNOLOGY Istituto de Ricerca suite Onde Elettromagnetiche.
E. UDD. S. F. WATANABE, and R F. CAHILL In AGARD Guided FIBER OPTIC DEVICE FOR TEMPERATURE REMOTE
Optical Structures in the Military Environment 14 p (SEE N87-13273 SENSING
04-74) May 1986 A. M SCHEGGI. M. BRENCI, G. CONFORTI. F. COSI, R FALCIAI.
IAGARD-CP-383 Avail NTIS HC A14/MF A01 and A G MIGNANI In AGARD Guided Optical Structures in the

Substantial progress has been made in recent years toward Military Environment 5 p (SEE N87-13273 04-74) May 1986
the development of producible fiber-optic rotation sensors These (AGARD-CP-383) Avail: NTIS HC A14/MF A01
devices have the potential of being the solid-state replacement An optical-fiber temperature sensor is presented which is based
for many applications ourrently using mechanical gyro ichnology on light amplitude modulation induced by a thermosenstive
Ring laser gyro technology which has been under development cladding applied on the distal snd of the fiber The experimental
for approximately 23 years is now being introduced into commercial set-up for detecting and processing the signal is described, and
and military aircraft for inertial navigation The fundamentals of the measured characteristics of the thermometer are reported
the t sage of Sagnac interferometry for rotation sensing is reviewed Author
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N87-13281# National Bureau of Standards. Boulder. CO. device is based on the imaging properties of a hemispheric
OPTICAL FIBER SENSORS FOR THE MEASUREMENT OF geodesic lens. The aberrations of this lens were evaluated and
PULSED ELECTRIC CURRENTS some examples of the potential performance of the device are
G. W. DAY. J. D. 0. MCFADDEN, L. R. VEESER (Los Alamos given: in particular the MUX - DEMUX seems to be quite interesting
National Lab.. N. Mex.), G I. CHANDLER, and R. W. CERNOSEK in the case of monomode fibers, showing a diffraction limited
(Sandia National Labs., Albuquerque, N. Mex.) In AGARD Guided performance. Experimental tests are in progress, utilizing a
Optical Structures in the Military Environment 9 p (SEE N87-13273 spherical waveguide fabricated by ion exchange on a glass
04-74) May 1986 substrate, and gratings with 540 or 1200 grooves/mm. The results
(AGARD.CP-383) Avail: NTIS HC At4/MF A01 already available are quite encouraging and confirm the expected

Recent progress in the design of fiber sensors for pulsed electric advantages of this approach with respect to previous devices
currents is reviewed Several of the most useful sensor Author
configurations are described and compared. Models are used to
predict the transfer function of these sensors, their sensitivity to N87-13287# McDonnell-Douglas Astronautics Co. Huntington
non-ideal fiber properties, particularly linear birefringence, and Beach, CA.
methods for overcoming these problems. Other recent research OPTICAL QUADRATURE DEMODULATOR FOR COHERENT
is examined to vuggest the prospect for sensors with improved DETECTION AND SENSOR APPLICATIONS
sensitivity and stability. Author S. F. WATANABE. A A JOSEPH, H. B. TURNER, S. A. HOLMES,

and J. T FREIDAH In AGARD Guided Optical Structures in the
N87-13282# Fondazione Ugo Bordoni, Rome (Italy). Istituo Military Environment 6 p (SEE N87-13273 04-74) May 1986
Superiore P. T. (AGARD-CP-383) Avail. NTIS HC A14/MF A01
NONLINEAR ELLIPSE ROTATION IN A LOW-BIREFRINGENCE A new device was designed, built and demonstrated which
OPTICAL FIBER provides exceptional performance in a very small, potentially very
B CROSIGNANI. S. TRILLO. P. DIPORTO, and S WABNITZ In low cost unit. Balanced quadrature detection for homodyne or
AGARD Guided Optical Structures in the Military Environment 3 p heterodyne detection of phase or frequency encoded signal
(SEE N87-13273 04-74) May 1986 Prepared in cooperation information is accomplished with microradian phase sensitivities
with Rome Univ, Italy over a broad range of environments and for a broad dynamic
(AGARD-CP-383) Avail: NTIS HC A14/MF A01 range of signal levels and frequencies. Results of current

The rotation of the polarization ellipse taking place in a development testing are presented along with brief discussions of
low-birefringence single mode optical fiber and associated with potential applications to coherent detection for interlerometers.
the nonlinear optical Kerr effect is theoretically investigated. A sensors, and communications. Author
detailed description of a proposed experiment for measuring the
nonlineur refractive index through the ellipse rotation is also N87-13288# Siemens AG., Munch (Germany. F R). Research
furnished. Author Labs.

EFFECTS OF OPTICAL FEEDBACK ON THE PERFORMANCE
N87 13283# Thomson-CSF, Orsay (France). Lab Central de OF HIGH DATA RATE SINGLE-MODE FIBER SYSTEMS
Recherches R. KEIL. K. MATHYSSEK, and E. HOERMANN In AGARD Guided
PROGRESS IN OPTICAL FIBER GYROSCOPES USING Optical Structures in the Military Environment 15 p (SEE N87-13273
INTEGRATED OPTICS 04-74) May 1986
H. C. LEFEVRE, J. P. BETrINI, S. VATOUX, and M. PAPUCHON (AGARD-CP-383) Avail: NTIS HC At4/MF A01
In AGARD Guided Optical Structures in the Military Environment Performance measurements data accomplished on a 678 Mbit/s
13 p (SEE N87-13273 04-74) May 1986 single-mode fiber optic transmission system for various laser diode
(AGARD-CP383) Avail: NTIS HC A14/MF A01 structures and more importantly under different near- and far-end

A quarter of a liter brass-board of a fibergyro using a optical feedback conditions are presented. Specifically, for two
multifunction integrated optic circuit (splitter, polarizer and phase integral coupling schemes i.e., the drawn fiber taper with a lens
modulator), a superluminescent diode and 250 meters of and hemispherically ended graded index fiber lens (GRINFLENS)
polarization holding fiber is described The photon noise limited the near-end optical feedback are modelled and simple method
random walk performance is 0.004 deg/sq. rt. H. A simple model for its experimental assessment are given Feedback induced
to evaluate biretringence induced non-reciprocities, and an original variations of lasing spectra and of mode partition noise and their
method of signal processing, the digital phase ramp. to solve the influences on bit error rate (BER) data are experimentally
problem of scale factor linearity and accuracy are also presented. determined for a dispersive single-mode fiber transmission link

Author with the two coupling arrangements. Comparative measurements
were done with a butt-coupled fiber and with a non-dispersive

N87-13284# Bell Telephone Labs.. Inc., Murray Hill. NJ. fiber system. Furthermore, far-end reflections from a connector
WAVELENGTH DIVISION MULTIPLEXING AT 1.5 MICRONS FOR joint and their quantitative influence on BER data were
HIGH CAPACITY OPTICAL TRANSMISSION investigated. Author
J HEGARTY, N. A. OLSSON, and R. A. LOGAN In AGARD
Guided Optical Structures in the Military Environment a p (SEE N87-13289# Barr and Stroud Ltd., Glasgow (Scotland)
N87-13273 04-74) May 1986 PERFORMANCE OF INTEGRATED OPTICAL FREQUENCY
(AGARD-CP-383) Avail: NTIS HC A14/MF A01 SHIFTERS PIGTAILED TO HIGH BIREFRINGENCE FIBRES

A method is described for multiplexing several channels of USING ION-MILLED GROOVES
information, closely spaced in wavelength, together in one I. ANDONOVIC, W. JOHNSTONE, D. N. MACFADYEN, A
single-mode fiber. The results are reported of a recent 10-channel MCDONACH. M. S NER, and S. BEAUMONT In AGARD Guided
expenment at 1 5 micrometers in which 10 distributed feedback Optical Structures in the Military Environment 8 p (SEE N87-13273
lasers, modulated at 2 Gbits/s, were multiplexed together and 04-74) May 1986 Prepared in cooperation with Glasgow Univ.
transmitted over 68.3 km of fiber giving a system capacity of 1.37 Scotland
terabit-km/s. The channel spacing was 1.35 nm and the multiplexer (AGARD-CP-383) Avail: NTIS HC At4/MF A01
insertion loss was 3 db. Crosstalk. including Raman crosstalk. The practical application of lithium nobate integrated optical
was found to be negligible. Author devices in the severe military environments that will be experienced

by the fiber optic gyroscope, requires the development of a cheap,
N87-13285# Consiglio Nazionale delle Ricerche, Florence (Italy). efficient and robust means of interconnecting optical fibers and
Istituto di Recerca sulle Onde Elettromagnetiche. integrated optical chips. One technique for fiber to chip coupling
A SPHERICAL WAVEGUIDE MULTIPLEXER-DEMULTIPLEXER is the use of ion-milled alignment grooves in the Lithium Niobate
V RUSSO, S SOTTINI, G C ,fIGHINI, and S. TRIGARI In substrate to accurately locate the fiber end with the end of the
AGARD Guided Optical Structures in the Military Environment 8 p waveguide. This technique uses a photolithographic process for
(SEE N87-13273 04-74) May 1986 the most precise alignment stages and is therefore amenable to
(AGARD-CP-383) Avail. NTIS HC A14/MF AOt mass production and automatoii Efficient coupling of light was

A wavelength multiplexer-demultiplexer (MUX - DEMUX) which observed between optical fibers chemically etched to a diameter
can work also a tapping element was suggested and tested This of about ten microns and waveguides formed by the indiffusion of
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titanium The use of chemically etched optical fibers and ion-milled resolution of the Spectrum analyzer is 33 usec and its linear dynamic
grooves allows a high packing density of chip/fiber connections, range 28 dB. Author
offereing space saving in terms of device lengths as well as lateral
separation. Results are presented for the coupling of light to
integrated optical waveguides from high biretringence optical fibers
using ion-milled alignment grooves, and the degree of polansation N87-13296# Naval Research Lab., Washington. DC Optical
preservation achieved is related to the performance of integrated Sciences Din.
optical phase modulators. Author PREPARATION AND PROPERTIES OF INFRARED

TRANSMITTING HEAVY METAL FLUORIDE GLASS OPTICAL

N87-13290# Anzona Univ., Tucson. Optical Sciences Center. FIBERS
NONLINEAR PLANAR GUIDED WAVE INTERACTIONS AND D. C. TRAN In AGARD Guided Optical Structures in the Military
DEVICES Environment 6 p (SEE N87-13273 04-74) May 1986
G I STEGEMAN. C. T. SEATON, and H. G. WINFUL (GTE Labs., (AGARD-CP-383) Avail: NTIS HC A14/MF A01
Inc., Waltham. Mass.) In AGARD Guided Optical Structures in In present silica fiber technology. optical attenuation at the
the Military Environment 9 p (SEE N87-13273 04-74) May 1986 intrinsic minimum level of about 0.15 dB/km at 1.6 micrometer
(AGARO-CP-383) Avail: NTIS HC A14/MF A01 has been attained. Non-oxide glasses based on heavy metal

A variety of applications of third-order nonlinear integrated optcs fluorides potentially can offer intrinsic minimum losses several
to optical signal processing are discussed. These include guided orders of magnitude lower than that of silica. owing to a lower
wave devices based on an intensity-dependent refractive index Rayleigh scattering loss contribution and an extended infrared
such as upper and lower threshold devices, all-optical switching absorption edge. As a result, heavy metal fluoride glasses are
devices, all-optical modulation devices, optical logic, and optical most promising for long distance repeat edess optical
bistability Multiple waveforms mixing with degenerate four-wave communication heavy metal fluonde gasses are most promising
mixing to produce signal convolution and time inversion on a for tong distance repeatertess optical communication system%. The
picosecond time scale are also discussed. Author published literature on fluoride glasses and fiber is studied to

provide a complete review of the present state-of-the-art in the

N87-13292# Arizona Univ.. Tucson. Optical Sciences Center, field. Candidate fluoride glasses for fiberization are evaluated on
INTEGRATED OPTICS OPTICAL LIMITERS the basis of their infrared transparency as well as their glass
C T. SEATON, J. 0. VALERA, and G. I. STEGEMAN In AGARD forming ability. The synthesis of high optical quality bulk fluoride
Guided Optical Structures in the Military Environment 7 p (SEE glasses by conventional casting and the fabrication of fibers using
N87-13273 04-74) May 1986 both preform and crucible techniques are discussed The optical

(AGARD-CP-383) Avail: NTIS HC A14/MF A01 properties of the fluoride glass fiber are evaluated based on the
Two novel, low-power, guided-wave optical limiters were absorption loss contribution associated with hydroxyl groups and

demonstrated. Both are based on intensity-dependent refractive transition metal/rare-earth impurities, and on the scattering loss
indices and involve phenomena unique to optical waveguides. The component arising from both Rayleigh scattering and processing
first utilizes newly discovered nonlinear guided waves that exhibit induced defects such as microcrystallization. phase separation and

optical-limiting action for a film bounded by a nonlinear medium. particle inclusions, Author
The second relies on an intensity-dependent reduction in coupling
efficiency when waveguide modes are excited by prism or grating
couplers In both cases, preliminary experiments have
demonstrated optical limiting action. Author N87-13297# Standard Telecommunication Labs. Ltd., Harlow

(England).

N87.13293# ANT Nachrnchtentechnik. Backnang (Germany, GLASS FIBRES FOR TRANSMISSION IN THE 8-12
F RI) MICROMETERS WAVEBANO
PIN-FET PREAMPLIFIER FOR HIGH-SPEED OPTICAL N. J. PITT and M. G. SCOTT In AGARD Guided Optical Structures
TRANSMISSION SYSTEMS in the Military Environment 8 p (SEE N87-13273 04-741 May
B. SCHWADERER /n AGARD Guided Optical Structures in the 1986
Military Environment 6 p (SEE N87-13273 04-74) May 1986 (AGARD-CP-383) Avail: NTIS HC A14/MF A01
(AGARO-CP-383) Avail: NTIS HC At4/MF AO1 Chalcogenide glasses, crystalline halides and hollow

The design of a hybrid integrated PIN-FET transimpedance waveguides were assessed for transmission in the 8 to 12
preamplifier is given for long-haul optical transmission systems at micrometer waveband, Of these. chalcogenide glasses were
1 3 micrometers wavelength with bit rates of 140 Mbit/s and 565 selected for development of fiber optic materials The bulk
Mbit/s. The preamplifier uses a GalnAs/InP PIN-photodiode with properties of a range of glasses were studied and compositions
a dark current of less than 10 nA. a high spectral responsiity of chosen to optimize transmission and thermal stability. The role of
greater than 0 7 A/W at 5V bias supply and a GaAs-MESFET major impurities and the procedures used to minimise them are
with 45 mS transconductance and about 0.7 pF input capacitance described. Selected compositions were drawn into long lengths of
Using transimpedance-resistors of 50 kilo-ohm and 25 k-o-ohm Polymer coated fiber with diameters controlled accurately up to
the design goals of receiver sensitivities are -43 dBm for the 140 500 micrometers Current fibers transmit at C02 laser wavelengths
Mbit/s system and -36.7 dBm for the 565 Mbit/s system with losses of 5 to t0 dB/m but potential for substantial
respectively for BER equal to or less than 10(-9) The measured improvement still exists. Mechanical testing has shown that with
values of - 42.8 dBm and - 35.8 dBm including connector tosses suitable coatings chalcogenide fibers are flexible enough to sustair
are within the predicted ranges. Author a bend radius of the order of 1 cm Author

N87-13295# Siemens AG., Munich (Germany. F.R.) Research
Labs
ACOUSTOOPTIC SPECTRUM ANALYZER USING A PLANAR N87-13298# Stanford Univ., CA. Crystal Science Div
BRAGG-CELL SINGLE CRYSTAL FIBERS
M STOCKMANN and P. CLEMENS In AGARD Guided Optical R S, FEIGELSON In AGARD Guided Optical Structures in the
Structures in the Military Environment 5 p (SEE N87-13273 Military Environment 9 p (SEE N87-13273 04-74) May 1986
04-74) Mray 1988 (AGARD-CP-383) Avail: NTIS HC A14/MF AOt
(AGARD.CP-383) Avail: NTIS HC A14/MF A01 Single crystal fibers are just now emerging as a new frontier in

Th- design principles and the performance characteristics of a both materials science and device technology. Various methods
miniaturized acoustooptic RF-spectrm analyzer are presented The have already been developed for the preparation of single crystal
device yields a time-band-width-product of more than 300. Using fibers of a wide range of materials with useful properties Along

a planar Bragg-cell fabricated on a LiNbO3 substrate and air with discussions of fiber growth methods and potential applications
between Bragg-cell and detector array the time-bandwidth-product for single crystal fibers, current research on the growth of laser.
was doubled compared to the minibulk as well as the integrated nonlinear optic, and IR transmitting single crystal fibers are also
optic spectrum analyzer for the same device length The time discussed Author
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N87-13299# Rennes Univ. (France). Lab. de Chimie Minerale of a cost analysis applicable to vanous scenanos are also given
I. the costs of each scenario are compared with those of a microwave
FLUORIDE GLASSES FOR INFRARED WAVEGUIDES IVERRES line-of-site system of approximately the same capacity. Author
FLUORES POUR GUIDES D'ONDE INFRA ROUGE)
J. LUCAS In AGARD Guided Optical Structures in the Military
Environment 7 p (SEE N87-13273 04-74) May 1986 In
FRENCH N87-13303# Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich
(AGARD-CP-383) Avail: NTIS HC A14'MF A01 (Germany, F.R.). Dynamics Div.

The realization of optical waveguides is more promising SINGLE-MODE-FIBERS FOR FIBEROPTIC-GUIDED MISSILES: A
beginning with materials in the glassy state than to begin with COMPARISON WITH GRADED-INDEX MULTIMODE FIBERS
polycrystalline or monocrystalfine materials. At the present time, K. H. NIEDERHOFER and W. D. SCHUCK In AGARD Guided
the glasses which correspond to the best compromise between Optical Structures in the Military Environment 8 p (SEE N87-13273
the bandwidth of transmission, the ultra-transparence potential, 04-74) May 1986
low diffusion loss, and fiber preparation techniques are the fluoride (AGARD-CP-383) Avail: NTIS HC At4/MF A01
glasses. The tetrafluoride glasses with a zirconium base permits For a few years there have been activities in the application
transmission through fiber of up to 4 microns, those with a base of optical fibers as a broadband, secure transmission medium
of the heavy metals (thorium, indium, rare earths, etc.) up to 5 between a ground-station and tactical missiles for ranges of about
microns. The potential applications in long distance 10 km. The idea is to put the gunner's eye, i.e., a suitable imaging
telecommunications (considering very low theoretical losses, 10(-3) device, into the missile to provide a lock-on-after-launch capability
dB/km) are discussed as well as short distance applications together with a man-in-the-loop option. A key problem is the rapid
involving collection technologies and energy transport. Author payout of the fiber from the missile during flight. Several successful

flight test campaigns have been carried out, where
N$7-13300# British Telecom Research Labs., Ipswich Kelar-reinforced graded-index multimode fibers have been used
(England). for transmission of command- and TV-signals. The affects of
WIDE BANDWIDTH, LONG DISTANCE FIBRE-OPTIC additional attenuation resulting from the reinforcement, the
COMMUNICATION SYSTEMS bobbin-technology and payout process are well controlled. For
S. D. WALKER, L. C. BLANK, and L. BICKERS In AGARD the first development of fiberoptic guidance systems single-mode
Guided Optical Structures in the Military Environment 9 p (SEE transmission was not taken into account, since the suitable
N87-13273 04-74) May 1986 components were expensive, sensible and not readily available.
(AGARD-CP-383) Avail: NTIS HC A14/MF A01 Today the single-mode technology is quite advanced and offers

Recent advances in laser, fiber and receiver technology have some benefits compared with multimode transmission. The most
allowed a series of unrepeated optical transmission system important points are the higher bandwidth and the lower
experiments to be carried out. These spans ranged from 90 km attenuation. As long as the missile range is below 10 km, this is
to 250 km at line-rates from 34 Mbit/s to 2 Gbit/s. At data-rates o decisive advantage, but it encourages the extension of the
of 34 Mbit/s and 140 Mbit/s, a single-line 1.525 micrometers missile range to much more than 10 km. The companson of costs
distributed feedback laser was used in conjunction with step-index gives no clear-cut statement, but the production costs for
monomode fiber spans up to 251.6 km. In a second set of single-mode fibers tend to be below that of multimode fibers. If
expenments, a 1.55 micron multi-longitudinal-mode laser gave the hardness against nuclear radiation is compared, single-mode
error-free transmission over lengths of dispersion-shifted fiber up fibers give the better results. Author
to 233 km. For gigabit transmission experiments, a 1.535 micron
single-line laser and dispersion-shifted fiber provided a further
systen option which resulted in a recent fully-regenerated 2 Gbit/s.
90 km trial featuring commercially-available GaAs logic N87-13304# Hughes Research Labs., Malibu, CA
comptonents. The various system configura ions irnireWmented are LIGHTWAVE TECHNOLOGY f4 FUTURE RADZAR EQUIPMENT
described arid the technical options for further long-span. DESIGNS
unrepeatered optical transmission experiments using current and C. M. GEE. A. E. POPA, and H. W. YEN In AGARD Guided
developmental direct-detection technology in the 1.5 micron ,'ptical Structures in the Military Environment 8 p (SEE N87-13273
wavelength region are reviewed. Author 04-74) May 1986

(AGARD-CP-383) Avail: NTIS HC At4/MF A01
N87-13301# TRW, Inc.. Redondo Beach. CA. Fiber Optic Lightwave device technology can be implemented in future
Communicaions, active aperture radar arrays. Transmitter and receiver components
PERFORMANCE OF RF FIBER OPTIC LINKS for a fiber optic antenna feed manifold in which the transceiver
T R. JOSEPH and W. E. STEPHENS In AGARD Guided Optical modules are connected to a central computer are reviewed. Present
Structures in the Military Environment 12 p (SEE N87-13273 link signal to noise limitations imposed by the performance of
04-74) May 1986 these components are analyzed, and promising trends in
IAGARD-CP-383) Avail: NTIS HC A14/MF A0l component development are discussed. Author

RF fiber optic links have numerous applications to microwave
systems. To fully exploit their usefulness, the RF system designer
must understand their properties in terms of the performance
parameters that are used to describe the terminal properties of N87-13305# Army Communications-Electronics Command. Fort
other RF components such as loss. 3ignal to noise, linearity, and Monmouth, N.J.
dynamics The performance of direct and external modulation fiber TACTICAL FIBER OPTIC ASSEMBLY REQUIREMENTS
optic links in terms of those parameters are explained Specific V E. KALOMIRIS In AGARD Guided Optical Structures in the
examples of a 4.1 to 4.7 GHz direct modulation link and a 2.0 to military Environment 9 p (SEE N87-13273 04-74) May 1986
12 0 GHz external modulation link are used. Author (AGARD-CP-383) Avail: NTIS HC A14/MF A0l

The unique features of militarized fiber optic assemblies are
N87-t3302# Shape Technical Center, The Hague outlined. The stringcoit requirements that make tactical deployment
(Netherlands). a challenge to the fiber optic industry are summarized, The
FIBER OPTICS: A SURVIVABLE AND COST-EFFECTIVE requirements are broken down to the component level: fiber, cable
TRANSMISSION MEDIUM FOR TERRESTRIAL NETWORKS and connector. These demands on components are necessary to
M ASLAM In AGARD Guided Optical Struciures in the Military assure successful system operation The compilation of
Environment 10 p (SEE N87-13273 04-74) May 1986 specifications is presented in tabular form to serve as a reference
IAGARD-CP-383) Avail: NTIS HC A14/MF A01 for those interested in satisfying a host of ground systems needs

The performance of a fiber-optic transmission system is affected The significance of the performance of the cable assembly in the
by nuclear radiation. The nuclear scenario is discussed vis the performance of the optical suhsystem is also described. In addition.
terrestnal network, the essential characteristics are identified, and the requirements that the transceivers have to meet are reported
on this basis the principles for the design of a strategic and a comparison of the tactical and fixed plant is presented
communication fiber-optic cable system are derived. The details E.R
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N87-13306# Bell Communications Research, Inc., Momstown, N87-29476# British Aerospace Public Ltd. Co.. Bracknell
NJ. Exchange Network Research Div. (England). Electronic Systems and Equipment Div.
A HYBRID TRANSMISSION SCHEME ON SINGLE MODE FIBERS THE BAE (BRACKNELL) AUTOMATIC DETECTION, TRACKING
FOR TACTICAL COMMUNICATIONS AND CLASSIFICATION SYSTEM
S. S. CHENG In AGARD Guided Optical Structures in the Military C.J. SAMWELL and G. A. CAIN In AGARD, Advances in Guidance
Environment 6 p (SEE N87-13273 04-74) May 1986 and Control Systems and Technology 10 p (SEE N87-29474
(AGARD-CP-383) Avail: NTIS HC A14/MF A01 24-04) Jul. 1987

The evailatility of single-mode fibers and long wavelength (AGARD-CP-411) Avail: NTIS HC A07/MF AO
devices enables the system designers to consider new link design BAe Bracknell has designed and built real-time electro-optical
with much improved performance not presently available in either digital tracking systems for 8 years. Tracking systems were
the multimode fiber or the traditional metallic conductor systems. purchased by the MOD and evaluated on MOD missile and target
A hybrid transmission scheme is proposed on single-mode fibers tracking trials. The BAe detection and tracking system uses images
in a star configuration. At the command post, a primary laser and from infrared and TV sensors, mounted on a 2-axis platform, to
its standby laser running at the cw mode are followed by an detect and determine the angular position of an object with respect
optical splitter. Each output port is then externally modulated for to the sensor boresight (boresight errors). These boresght errors
downstream transmission. At each remote site, a dedicated LED are used to control the position of the platform such that the
is used for upstream transmission where the bandwidth requirement sensor tracks the obiect. The first and second generation centroid
and therefore the dispersion penalty is generally lower. The cost, and correlation tracking systems have undergone several revisions.
reliability and flexibility of this hybrid transmission scheme are A third-generation system is described which provides the following
examined. The use of bidirectional WDM devices and remote facilities: image enhancement and segmentation, automatic
external modulators with polarization control is described as two retertion of multiple objects, tracking of multiple objects, automatic
potential variations to enhance this basic hybrid scheme. The acquisition of detected objects, automatic decoy/obscuration
deployment of such a system will provide cost effective avoidance, and classification of objects. Author
transmission links in a tactical environment suitable for high
bandwidth analog and digital transmission. Author N89-17707# Fondazione Ugo Bordoni, Rome (Italy).

COUPLED-MODE THEORY APPROACH TO DEPOLARIZATION
ASSOCIATED WITH PROPAGATION IN TURBULENT MEDIA
B. CROSIGNANI and P. DIPORTC In AGARD, Scattering and
Propagation in Random Media 5 p (SEE N89-17706 10-31) Mar

N87-18747# Naval Weapons Center. China Lake, CA. 1988 Prepared in cooperation with Aquila Univ, Italy
CONSIDERATIONS IN UTILIZING IR SIGNATURES Abstract (AGARD-CP-419) Avail: NTIS HC A23/MF A01
Only The problem of light depolarization in a turbulent atmosphere
AYN H_ p (S n N87-1872 M-l2)iunon Radar forAiis revisited by means of the coupled-mode theory. This allows inApplications 1 p (SEE N87-18721 11-32) Jul. 1986 particular the evaluation of the depolarization ratio for a plane

)AGARD-CP-381) Avail: NTIS HC AlO/MF A01
The relationships of RF and IR systems, characteristics of both wave and compares its expression with that obtained in the frame

active and passive IR sensor data, and applications of laser radar of two distinct approaches predicting different behaviors Author

sensors are discussed and illustrated with signature data. The N89- i7708# Washington Univ., Seattle Dept of Electrical
radar equation and how it is used by both the RF and laser radar Engineering.
communities are shown including a carrier-to-noise budget analysis EXPERIMENT AND THEORY FOR BACKSCATTERING
performed for both technologies for a proposed altimeter ENHANCEMENT AND IMAGING IN RANDOM MEDIA
development. This leads to a consideration of the basic features AKIRA ISHIMARU and YASUO KUGA In AGARD. Scattering
that an active and passive IR sensor can exploit from a target, and Propagation in Random Media 10 p (SEE N89-17706 10-31)
Issues of background rejection a.re raised. A general discussion Mar. 1988 Sponsored in part by Army Research Office,
of the types of uses the DOD is considering for laser radars Washington, DC and NSF, Washington, DC
follows. These include altimetry. Doppler navigation, obstacle (AGARD-CP-419) Avail: NTIS HC A23/MF A01
avoidance for avionics, and remote sensing lidar. Examples of When a wave is incident on a dense distribution of discrete
signatures included are forward-looking-infrared (FLIR) data of ships scafterers. turbulent media, or rough surfaces, the backscattering
taken under Navy Target Signatures Program (TSP) auspices, active is enhanced under certain conditions giving a sharp peak in the
C02 laser radar signatures of ships, again taken under TSP backward direction. It is shown experimentally and theoretically
auspices, within the ;ast two years, and laser radar signatures of that the angular width of the peak is related to the transport
tanks and vehicles. Author coefficient and that the enhancement is caused by the constructive

interference of two waves traveling through the same particles in
opposite directions. This phenomenon is identified as the weak
Anderson localization The backscattering enhancement can occur

N87-21186# Sandia National Labs., Albuquerque, NM. from turbulence or rough surfaces which are caused by several
SAPPHIRE FIBER OPTIC TEMPERATURE PROBE mechanisms. A measure of the quality of the image transmission
D. A. TICHENOR, K. R. HENCKEN, and R. W. BICKES, JR. In is expressed by the modulation transfer function )MTF). It is shown
AGARD Advanced Instrumentation for Aero Engine Components experimental and theoretical studies on MTF and speckle
5 p (SEE N87-21170 14-31) Nov. 1986 interferometry based on the fourth order and short-exposure MTF
(AGARD-CP-399) Avail: NTIS HC A24/MF A01 which can produce diffraction-limited images through random

A sapphire fiber optic pyrometer was developed for use in scatterers. Author
combustion environments. Two configurations of the device are
described. One is designed to measure rapid gas temperature N89-17711# Rome Air Development Center. Hanscom AFB.
fluctuations and the other is designed to measure the rapid MA. Electromagnetics Directorate.
temperature rise in a confined pyrotechnic prior to ignition. The REGIONS OF VALIDITY FOR SOME ROUGH SURFACE
key element in the device is a high temperature optical fiber made SCATTERING MODELS
of single-crystal alumina (sapphire) with a thin film of platinum ROBERT J PAPA and JOHN F. LENNON In AGARD, Scattering
deposited on one end. Temperature is derived from the intensity and Propagation in Random Media 16 p (SEE N89-17706 10-31)
of thermal radiation emitted by the platinum and collected by the Mar. 1988
fiber. The device is capable of measuring rapid gas temperature (AGARD-CP-419) Avail: NTIS HC A23/MF A01
fluctuations, in excess of lOkHz, in harsh environments where The objective is to examine the regions of validity that apply
thermocouple life is severely limited by oxidation, corrosion, or to the use of various models for describing rough surface scattenng.
erosion. A second configuration of the device collects infrared The first area to be examined is how a small slope condition
radiation directly from a solid object and operates in the mid-infrared allows an integral representation of the physical optics (PO) cross
to detect lower temperatures. The temperature of a confined section to be formed that does not require the high frequency
pyrotechnic has been measured in the range from 370 to 1100 K geometric optics (GO) restriction. Next, for forward scattering, the
at heating rates greater than 100 K per microsecond. Author extension of the roughness dependence of the PO scattering cross
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section from the case of Gaussian surface and correlation to a N89-17706 10-31) Mar. 1988 InFRENCH Previously announced
range of surfaces with different height Statistics and correlation in IAA as A87-46754
functions. This dependence is then examined for the small (AGARD-CP-419) Avail: NTIS HC A23/MF A0l
perturbation method (SPM) regime as well. Finally. the forward Three techniques for obtaining images with a resolution at the
scattering PO results are extended to the case where the azimuthal diffraction limit are compared to study the effects of atmospheric
angle theta sub s is not equal to 0 degree Author turbulence on the formation of optical images. The simplest method.

the Knox and Thompson (1974) algorithm (based on a speckle
interferometry method), requires the statistical properties of the
turbulence to be stable, and involves the treatment of a large

N89-17716# Nebraska Univ., Lincoln. Dept. of Electrical number of images. The deconvolution method, based on a wave

Engineering. front analysis, and the adaptive optic method, the most promising

MULTIPLE SCATTERING EFFECTS OF RANDOM of the three candidates, require the presence of a highly

DISTRIBUTIONS OF IRREGULARLY SHAPED PARTICLES luminescent source in the isoplanetary field in order to analyze

ON INFRARED AND OPTICAL PROPAGATION the wave front. B.G.

EZEKIEL BAHAR and MARY ANN FITZWATER In AGARD,
Scattering and Propagation in Random Media 15 p (SEE N89-1 7706
10-31) Mar. 1988
(Contract DAAG29-82-K-0123; NSF ECS-85-15794) N89-17722# British Aerospace Public Ltd. Co., Bristol (England).
(AGARD-CP-419) Avail: NTIS HC A23/MF A0l Naval and Electronic Systems Div.

Scattering and depolarization by layers of randomly distributed INFRARED ATMOSPHERIC TRANSMISSION/EMISSION
particles of irregular shape and finite conductivity are determined MEASUREMENT IN A MARITIME ENVIRONMENT
for infrared and optical electromagnetic excitations. The irregularly G.J. BISHOP and I. W. LARKIN In AGARD, Scattering and
shaped particles considered here are spheres with random rough G and 1. W. L In N8 -1 70 S 0-3r) ad

surfaces. The spheres are characterized by their two dimensional Propagation in Random Media 12 p (SEE N89e17706 10.31) Mar.

surface height spectral density functions or autocorrelation 1988 Sponsored by Minist of Defence. United Kingdom

functions. Circularly and linearly polarized excitations at normal (AGARD-CP-419r Avail: NTIS HC A23eMF A0l

incidence as well as vertically and horizontally polarized excitations In 1985 a program of collaborative electro-optical research was

at oblique incidence are considered. The co-polarized and agreed between the Admiralty Research Establishment (ARE) and

cross-polarized incoherent diffuse specific intensities (modified British Aerospace, co-ordinated by the Naval and Electronic

Stokes parameters) are determined by solving the vector form of Systems Division at Bristol. The object of this research was to

the equations of radiative transfer. To this end the full wave gather trials data on the performance of electro-optical systemsthe quaion ofradativ trnsfr. o tis ed te fll ave in a maritime environment. In order to achieve this obiective. it

approach which accounts for diffuse scattering as well as specular was imaorient to measure the atmosheric transmission/emission

scattenng in a self-consistent manner is used to evaluate the close pt t measure in atopher oniion/emissin

extinction cross sections as well as the scattering (phase) matrix the course of the trail considerable experience was gained in the

for the irregularly shaped particles. Both single-scatter and operation of various imaging sensors, especially in calibration and
multiple-scatter incoherent specific intensities are evaluated for measurement techniques. The need to obtain calibrated
particles with smooth as well as rough surfaces. It is shown that measurements of atmospheric transmission/emission between the
the particle surface roughness can have a significant effect on electro-optic sensor and any trial target is to be emphasized How

the diffuse specific intensities. The phenomenon of enhanced these measurements were made is described and the results
backscatter is also examined. Author thsmesrmnswrmaeidscbdadtersus

compared to those predicted by the Lowtran 5 atmospheric model
How ozone absorption will affect the design of a passive
surveillance system working in the ultraviolet band is also
described. Author

N89-17718# Royal Signals and Radar Establishment, Malvern

(England).
GENERATION AND PROPERTIES OF SELF-SIMILAR
STOCHASTIC PROCESSES WITH APPLICATION TO RAY
PROPAGATION IN RANDOM MEDIA
J. H. JEFFERSON and J. 0. ANDERSON In AGARD, Scattering

and Propagation in Random Media 19 p (SEE N89-17706 10-31)
Mar. 1988 PLASMA PHYSICS
(AGARD-CP-419) Avail: NTIS HC A23/MF A01

The importance of random media containing many length scales, Includes magnetohydrodynamics and plasma fusion
and propagation of waves in such media is now widely recognized.
Specific mathematical models to generate stochastic processes
which have self-similar properties will be analyzed. Examples are N88-13222# Office National d'Etudes et de Recherches
presented graphically to illustrate similarities and differences Aerospatiales, Paris (France).
between processes with various degrees of roughness and it is PREPARATION OF QUALIFICATION TESTS OF A PLASMA
shown how then are related to fractional integration and fractal GENERATOR FOR THE FEEDING OF A HYPERSONIC WIND
dimension. Such processes are non-Markovian, in general, and TUNNEL (PREPARATION D'ESSAIS PROBATOIRES D-UN
both causal and noncausal models are shown to be stochastically GENERATEUR DE PLASMA POUR LALIMENTATION D'UNE
equivalent Their use in modeling the scattering of waves from SOUFFLERIE HYPERSONIGUE)
rough surfaces, particularly in the geometrical optics limit, will be H. CONSIGNY, C PACOU, 0. PAPIRNYK, PH. SAGNIER. and J
discussed and the effects of inner and outer scales investigated. P. CHEVALLIER In AGARD, Aerodynamics of Hypersonic Lifting
Finally, the generalization to two and three dimensions is Vehicles 14 p (SEE N88-13219 05-02) Nov 1987
considered together with application to ray propagation in extended In FRENCH Previously announced in IAA as A87-44341
random media Author (AGARD-CP-428) Avail: NTIS HC A24/MF A01

Qualification tests have validated the use of a plasma generator
as the feed for the R6 CH hypersonic wind tunnel that is to be
employed for the Hermes project. In the first part of the study, a

N89-17721# Office National d'Etudes et de Recherches blast pipe using existing elements and fulfilling the conditions
Aeronautiques. Paris (France). necessary for sounding (as determined by flow calculations), is
OPTICAL IMAGERY ACROSS ATMOSPHERIC TURBULENCE developed. A gas flow rate of 0.26 kg/s and a gas power of
IIMAGERIE OPTIQUE A TRAVERS LA TURBULENCE 2.090,000 W are projected for an intake with a 1 sq cm cross
ATMOSPHERIGUE) section. Probe instrumentation for the measurement of dynamic
G ROUSSET, J. C FONTANELLA, J. PRIMOT, and A SEVE In pressure, local mass flow, and enthalpy were developed to verity
AGARD, Scattenng and Propagation in Random Media 13 p (SEE the homogeneity of the flow. IAA
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81 characteristics and program requirements are analyzed as potential
cost drivers. Program alternatives can be evaluated based on a

ADMINISTRATION AND MANAGEMENT quantitative assessment of financial risk, using equations sensitive
to changes in requirements. The development cost model provides
the opportunity to base decisions on sound information and to

Includes management planning and research, avoid the expensive iteration of grass roots estimating early in
the concept formulation stage. The result is a significant savings
in development cost. Author

N8S-20173# Advisory Group for Aerospace Research and

Development. Neuilly-Sur-Seine (France). Flight Mechanics N88-20176# Ministry of Defence, London (England).
Panel. PICKING WINNERS: PARAMETRIC COST ESTIMATING AND
FLIGHT VEHICLE DEVELOPMENT TIME AND COST PROJECT MANAGEMENT
REDUCTION P. G. PUGH In AGARD. Flight Vehicle Development Time and
Sep. 1987 308 p In ENGLISH and FRENCH Conference Cost Reduction 21 p (SEE N88-20173 12-81) Sep. 1987
held in Toulouse. France, 11-14 May 1987 (AGARD-CP-424) Avail: NTIS HC A14/MF A0l
(AGARD-CP-424; ISBN-92-835-0432-1 AD-At98663) Avail: Project managers and development engineers might well be
NTIS HC At4/MF A01 excused for thinking that they have more than enough cost

These proceedings contain the papers presented at the AGARD estimates already. After P11 the content of any major development
Flight Mechanics Panel Symposium on Flight Vehicle Development program is always broken down into numerous work packages
Time and Cost Reduction held in Toulouse, France, from 11 to and the cost of these individually estimated in fine detail. Then.
14 May 1987. There is a current perception that time and especially as the work proceeds, these very detailed bottom-up estimates
the cost of new systems are increasing at an ever accelerating are continually refined and have a large claim on the attention of
rate that is greater than the rate of improvement of the capabilities project managers. However, there is another form of cost estimating
of the machines. The purpose of this symposium was to provide which can be used from the very inception of a project and which
a forum to identity and discuss the elements contributing to brings large returns from modest effort. Traditional methods assist
increased time and cost development, and to decide what can be attempts to control the costs of an on-going project towards some
done to stop and reverse the trend. Another aim of the Symposium pre-set target. The methods described here are directed more at
is to encourage others in the nontechnical area to join with the the initial selection of projects and the setting of feasible cost
technical people in attacking those problems, showing what targets for them. In brief, their role is to pick winners from the
technologies can do to reduce development time and cost growth, range of competing alternatives which present themselves before
and by highlighting key areas to be addressed to reverse the a major project is begun. At the least, these methods give greater
trend. For individual titles, see N88.20174 through N88-20201. assurance that the chosen solution will be viable in terms of its

being attempted within realistic cost restraints. Author
N88-20174# Army Aviation Systems Command, Saint Louis.
Mo. N88-20177# Service Techniques des Programmes Aeronautiques.
RISK REDUCTION COST AVOIDANCE FOR FULL SCALE Paris (France).
DEVELOPMENT BEGINS WITH CONCEPT FORMULATION PARAMETRIC STUDY OF THE TOTAL COST OF AIRCRAFT
CHARLES C. CRAWFORD, JR. In AGARD. Flight Vehicle MODERNIZATION IN TERMS OF DEVELOPMENT AND
Development Time and Cost Reduction 7 P (SEE N88-20t73 EQUIPMENT SERIES COSTS [ETUDE PARAMETRIQUE DU
12-81) Sep. 1987 COUT TOTAL DE LA MODERNISATION DUN AERONEF EN
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 FONCTION DU COUT DE DEVELOPPEMENT ET DE SERIE DES

Critical areas are considered, which must be addressed to EGUIPEMENTS]
reduce the technical risk early enough in the Concept Formulation J. P. BAYLE In AGARD. Flight Vehicle Development Time and
process to avoid undue costs during the Full Scale Development Cost Reduction 4 p (SEE N88-20173 12-81) Sep. 1987 In
(FSO) program. The context includes not only the definition of the FRENCH
traditional Required Operational Capability (ROC), Operational and (AGARD-CP-424) Avail: NTIS HC A14/MF AOl
Organizational Concepts, and the determination of the Best An aircraft is reconfigured once or twice in the course of its
Technical Approach (BTA), but also a Preliminary Design Phase modernization in order to adapt to the evolving technology and
of the configuration(s) determined to be the BTA. Traditional cost threat environment, and more often than not to improve weapon
drivers are first, requirements that may be more stringent than systems and supply new detection equipment. A statistical study
the minimum essential to perform the mission and secondly, design showed the total cost of a modernization program to be tied
changes, after prototype fabrication, usually resulting in flight test quasi-linearly to the development cost of new equipment and their
delays, that stretch out the program. Design changes in the flight series cost. Also, the values of certain ratios are practically
test phase are often made in a near panic environment to minimize constant. This global method intrisicaly allows one to estimate
the schedule impact. The problems teed to be typical even with a the confidence level of a program budgetary evaluation. Author
proactive government/industry development team effort. Suggested
work efforts to avoid these types of problems in future N6S-2017# Northrop Corp.. Hawthorne, CA. Aircraft Div.
developments are made to increase the potential of a new THE INCREASED TIME AND COST OF DEVELOPMENT:
Weapons System flying off the drawing board within cost and on CAUSES AND (SOME) REMEDIES
schedule. Author JOSEPH T. GALLAGHER fn AGARD. Flight Vehicle Development

Time and Cost Reduction 9 p (SEE N88-20173 12-81) Sep.
NB#-20175# Textron Bell Helicopter, Fort Worth, TX. Cost 1987
Analysis Engineeng. (AGARO-CP-424) Avail: NTIS HC A14/MF A0l
DEVELOPMENT SAVINGS THROUGH PARAMETRIC MODELING The increased time and cost of development of aircraft are
OF PROGRAM COSTS discussed Concurrently, methods of reducing time and cost are
PATRICIA J. LESLIE and ERIC G. LILLEY In AGARD. Flight examined. The evolution of air vehicle production is presented to
Vehicle Development Time and Cost Reduction 3 p (SEE provide the background surrounding technological advances. The
N88-20T73 12-81) Sep. 1987 increased time and cost associated with these advances are
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 discussed in relation to methods of gaining time and cost

Parametric modeling has been applied successfully to most reductions. New military fighter aircraft have grown increasingly
facets of the weapon system preliminary design process. In the more sophisticated in response to new or anticipated enemy
area of cost 6stimting, many parametric techniques are available threats. Growth in aircraft capability has coincided with
to prolect production cost from system characteristics. However. advancements in technologies, including propulsion, aerodynamic
development cost is usually estimated using grass roots techniques, design, control systems, structural materials, and avionics. A
a time-consuming and expensive approach. This paper proposes full-scale development program, as a precursor to production, must
the application of parametric cost estimating to the derivation of not only evolve a design which meets the defined performance
development cost. Historical data from the individual contractor's requirements, but one which is capable of being produced at
experience is used as a basis for the model. Both system acceptable cost using established production processes

243



81 ADMINISTRATION AND MANAGEMENT

Recognition of thu increased burden of operating and support process used on that system. In particular the effectiveness of:
costs for military aircraft has resulted in a concentration of focus (I) rapid prototyping as a means to arrive at a sensible requirement.
on requirements for supportability in the aircraft design. The high and (2) implementation via the use ot Semi-Automated Functional
cost of today's aircraft has caused the imposition of longer service Requirement Analysis (SAFRA). is outlined. A resume ot the results
life requirements with a resultant emphasis on structural integrity from the EAP is used to show that this structured approach to
and fatigue life. Author design using both rapid prototyping and SAFRA does reduce the

time required for avionic system development. Author
N88-20181# Societe Nationale d'Etude et de Construction de
Moteurs d'Aviation. Villaroche (France). N88-20187# Dornier-Werke G.m.b.H.. Friedrichshafen (Germany.
WHAT CAN BE DONE TO FACE GROWING DEVELOPMENT F.R.).
COSTS [COMMENT FAIRE FACE A LACCROISSEMENT DES SYSTEMS ANALYSIS AND SIMULATION TECHNIQUES:
COUTS DE DEVELOPPEMENT] ESSENTIAL TOOLS FOR BALANCED COMPLEX WEAPON
CLAUDE HENOCQUE hrr AGARD. Flight Vehicle Development SYSTEM DESIGNS IN TERMS OF PERFORMANCE AND COST
Time and Cost Reduction 4 p (SEE N88-20173 12-81) Sep. KURT FETTELSCHOSS In AGARD. Flight Vehicle Development
1987 In FRENCH Time and Cost Reduction 12 p (SEE N88-20173 12-81) Sep.
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 1987

The growth of development costs, driven by the need for (AGARD-CP-424) Avail: NTIS HC A14/MF A01
improved system capabilities, can be controlled by better program In line with the speed of overall technical evolution, the
management and a reliance on modern methods of design, requirements for weapon systems are steadily increasing. The
production, and testing. A major priority is to reduce volume and required levels of performance lead to complex and expensive
unitary costs of prototype fabrication and evaluation by: (1) technical solutions. The resulting cost of the single weapon system,
controlling the design process so that simple verification techniques together with the demand for sufficient quantities, increasingly
can be used for testing, (2) improving the efficiency of tests, and conflicts with budget limitations. For an effective cost control, the
(3) reducing unitary costs of prototypes by analyzing the values of cost driving requirements have to be identified and analyzed before
design concepts and reducing development time through the use the weapon system design begins. The major tool for this task is
of computer aided design and fabrication techniques. Author an integrated analysis of technical parameters, operational aspects

and life cycle cost based on mathematical simulation, tailored to
N8-20184# Aeronautical Systems Div., Wright-Patterson AFB, the amount of available information. This integrated analysis leads
OH. Directorate of Avionics Engineering. to recommendations for the single weapon system and the

AVIONICS ACQUISITION, TRENDS AND FUTURE necessary quantities for given scenarios. By involving the customer
APPROACHES early enough, the staff requirements for the weapon system can
RONALD B. LONGBRAKE In AGARD. Flight Vehicle Development then be influenced in such a way that the design can be balanced
Time and Cost Reduction 11 p (SEE N88-20173 12-81) Sep. in terms of performance and cost. Author
1987
(AGARD-CP-424) Avail: NTIS HC A14/MF A01

The current and future direction of the U.S. Air Force avionics N88-20188# Societe Nationale Industrielle Aerospatiale, Toulouse
is discussed. While the paper discusses primarily tactia aircraft (France). Lab. d'Essais du Bureau d'Etudes.

is isused Whleth pperdicuse prmail tctialaicrft THE USE OF SIMULATION IN THE DEVELOPMENT OF THEavionics, the findings and conclusions are applicable across USAF AIRBUS [LAPORT DE LA SIMULATION DANS LE
systems. The paper covers the acquisition methodology, the DEVELOPPEMENT DES AIRBUS]
background and trends of avionics and future approaches. The
basic influences are operational needs, availability, survivability. C. PEDESTARRES In AGARD. Flight Vehicle Development Time

available technology, cost and schedules. The challenge is to and Cost Reduction 6 p (SEE N88-20173 12-81) Sep. 1987 In

provide effective avionics in a budget constrained world. To FRENCH

accomplish this requires emphasis on providing performance to (AGARD-CP-424) Avail: NTIS HC A14/MF AC,

counter the threat, flexibility for diverse use and basing, cost and The steady increase in the complexity of systems and their

schedule realism, and systems capable of being upgraded through close integration in modern aircraft results in a continuous growth
planned growth as the threat changes. It has been shown that in the volume of tasks associated with the design study and the
the 5 to 10 percent improvements in performance can increase validation of systems integration on the aircraft. Simulation
the cost 20 to 50 percent, therefore, sufficient and not best constitutes one response to this constraint in that it allows. 11)

performance should be the goal. While initial acquisition cost is of the detailed definition of the overall system architecture and
concern, life cycle cost is even more important. To keep life cycle principles without notable interruption in the development process:

costs down and have an effective system during combat, and (2) the validation and adjustment of systems designs resulting
maintenance concepts need serious attention. To accomplish these from these definitions early enough in the course of the program

objectives, the discrete avionics systems of the past must be to permit necessary changes without adversely affecting
replaced with integrated avionics responsive to crew needs, development costs and schedules. For more than twenty years
increasing threats and fiscal constraints. Future needs will cause Aerospatiale has employed simulation techniques in various
continued increases in avionics cost. The use of new technologies, development tasks including prospective analysis to guide
new avionics system integration and architecture techniques, use long-term studies, development simulation for detailed systems

of common hardware, modular and reusable software and improving definition, and integration simulation for the validation, adjustment,
the environment in which the avionics must operate, can control and optimization of systems in their flight-ready form, Aerospatiale s
the life cycle cost of avionics while meeting needs of future use of simulation is discussed with particular reference to the
systems. Author A - 320 Airbus development program. Author

N"-20115# British Aerospace Public Ltd. Co., Lancashire N88-20189# Boeing Military Airplane Development. Wichita, KS
(England). Manufacturing Technology.
REDUCING TIME REQUIRED FOR THE DEVELOPMENT OF PROTOTYPE MANUFACTURING TECHNIQUES FOR REDUCING
AVIONIC SYSTEMS ^^ST SCHEDULE, AND TECHNICAL RISK
W r! SCARF inU K.. ,,PAN HAW i AGA: . t, g .z vehicie M. ol.rITSCHUESSLER and JOSEPH C. WILLIAMS InAGARD
Development Time and Cost Reduction 12 p (SEE N88-20173 Flight Vehicle Development Time and Cost Reduction 14 p (SEE
12-81) Sep 1987 N88-20173 12-81) Sep. 1987
(AGARD-CP-424) Avail: NTIS HC At4/MF A01 (AGARD-CP-424) Avail: NTIS HC A14/MF AOl

The current rapid increase in avionic complexity causes Programs involving the manufacture of prototype hardware offer
difficulties in both defining and implementing the system rewards to those companies willing to accept the challenge. Boeing
requirement. Errors in the requirement and in its implementation Military Aircraft Company (BMAC) has excelled at meeting these
lead inevitably to an extension in the time necessary for system challenges with a proven record of successful development
development and consequently to an increase in the cost of the programs, In addition, future programs will use neotenc
developed system this paper describes the avionic system technologies and disciplines such as Computer-Integrated
onboard the Experimental Aircraft Programme (EAP) and the design Manufacturing (CIM) to direct and integrate all required fabncation
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and assembly processes. Logic. innovation blended with tradition, which must be carefully tailored to the goals of the program.
and careful planning are the keys to BMAC's success. Author Special importance goes to the activities for the definition of the

most cost-effective prototype configuration. of planning,
N89-20192# Air Force Flight Test Center, Edwards AFB, CA. coordination and integration of the different specialty areas. of
MINIMIZING DEVELOPMENT FLIGHT TEST TIME AND COST reduction and simplification of the formal qualification
IN THE US AIR FORCE documentation and decision processes. This requires that the
CHARLES E. ADOLPH In AGARD. Flight Vehicle Development customer include flexibility in his contract, and that the contractor
Time and Cost Reduction 8 p (SEE N88-20173 12-81) Sep. adapt his organization by establishing an efficient task force led
1987 by a dedicated system engineering structure. Essential factors for
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 success are also a correct choice of key people for the

Flight testing has undergone some major changes in the past organizational structure, and the completeness of the conceptual
20 years. The largest single technical change, the need to evaluate studies representing a basis for realistic planning of the prototype
software-intensive systems, resulted from advances in computer definition, development and evaluation activities. The evaluation
technology. Test management concepts have changed as well. of the benefits obtainable in terms of complete development costs
These changes were influenced in part by technology and in part and time by using the suggested policies and techniques can be
by a need for the Air Force to become more involved early in the qualitative only, significant and homogeneous comparison data
test process. Today's avionics systems present both a quantum being scarce. Author
leap in capability and a quantum jump in test requirements. With
workload growing both in magnitude and complexity, the challenge N8S-20196# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
is to meet the increased demands cost-effectively and safety. For (Germany, F.R.). Helicopter and Military Aircraft Group.
software-intensive systems, a ground-based simulation dedicated SCHEDULE AND COST CONTROL OF DEVELOPMENT
to the support of the flight test program is essential. This paper KARL-HEINZ ENGLEITNER In AGARD. Flight Vehicle
summarizes today's methods of operation which are geared to Development Time and Cost Reduction 13 p (SEE N88-20173
minimizing development time and costs. The focus of this process 12-81) Sep. 1987
is on productivity -- doing the right testing in the proper sequence (AGARD-CP-424) Avail: NTIS HC A14/MF A01
in the most efficient and safest possible manner. Author The increase in cost and time for the development of an aircraft

is a fact in most of the aircraft production programs performed to
N88-20193# Boeing Vertol Co., Philadelphia, PA. date. This paper will demonstrate the various reasons for the
IMPROVED FLIGHT TEST PRODUCTIVITY USING ADVANCED increases and how to plan an aircraft development program to
ON LINE DATA SYSTEMS avoid them. Therefore, possibilities for program execution in terms
PHIL DUNFORD In AGARD. Flight Vehicle Development Time of adapted program philosophy and management aspects are
and Cost Reduction 20 p (SEE N88-20173 12-81) Sep. 1987 shown as well as the contractual and economic environment
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 Further, the tools available for the planning and control of program

This paper highlights the improvement made over the last two execution on the basis of the chosen program philisophy are
decades in the methods used to gather, assimilate and process presented. In normal development programs the increase in cost
flight test data. It discusses the development cost reductions that and time comes not from technical problems and risks, but result
can be realized from the use of real time data systems and real from contractual, economic, and management decisions which are
time analysis software and relates the use of today's powerful set by the customer and the contractor even before the initiation
computing capabilities to the V-22 program requirements. The paper of an aircraft development program. Author
briefly discusses the increased emphasis on the role of simulation
in real time analysis procedures. Author N88-20197# Barry (Theodore) and Associates, Los Angeles.

CA.
NM20194# Aeronautics Macchi S.p.A.. V'arese (Italy). PEOPLE, PROCEDURES, PERFORMANCE: THE KEYS TO
Engineenng. IMPROVING THE DEVELOPMENT ENVIRONMENT
USE OF DEMONSTRATION/VALIDATION PROTOTYPES: CHARLES D. SCALES In AGARD Flight Vehicle Development
IMPACT ON TOTAL DEVELOPMENT COSTS AND TIMES Time and Cost Reduction 13 p (SEE N88-20173 12-81) Sep
ALBERTO NOTARI In AGARD. Flight Vehicle Development Time 1987
and Cost Reduction 4 p (SEE N88-20173 12-81) Sep. 1987 (AGARD-CP-424) Avail: NTIS HC A14/MF A0l
(AGARD-CP-424) Avail: NTIS HC Al4/MF A01 A growing management issue over the past 20 years in the

The development of a new type of military aircraft involves U.S. Aerospace and Defense industry is the ever-increasing
technical risks and uncertainties that are the greater than more percentage of total product labor cost attributable to the
advanced the design solutions adopted. The recourse to a professional work force. Therefore, the challenge of improving the
pre-development program envisaging the fabrication of performance and productivity of these workers, especially in a
demonstration/validation prototypes before proceeding to the full development environment, is now and will remain a most cntical
scale development phase is a known possibility, and a solution element in a firm's overall profitability. The paper begins with an
that was and is adopted both in the U.S. and Europe. Results overview of white collar productivity, its growing importance in the
obtained by use of the demonstration/validation prototypes have Aerospace and Defense industry, its resistance to the more
been, in some instances, the subject of thorough analyses, traditional approaches to productivity improvement, and the
confirming the validity and convenience of these prototypes to challenges facing managers who try to attack it. The author
the end of reducing the overall time span of the acquisition cycle explodes some of the popular myths surrounding the issue, and
and its costs, especially when the development was marked by then sets forth a model to help managers understand and thus
significant technological advances. An attempt is made to identify control the elements compnsing white collar productivity. The paper
the conditions that should determine the convenience and success then recounts a case study in which the model was used with
of a pre-development program, and the advantages and great success by a major aerospace manufacturer. The paper
disadvantages that resorting to such a program entail are concludes with a list of techniques for successful implementation
reexamined in the present market situation and in a European of white collar productivity improvement programs. Author
industrial context. Author

N88-20198# Naval Air Systems Command, Washington, DC.
N88-20195# Aeronautica Macchi S.pA., Varese (Italy). THE EFFECTS OF TWO CARLUCCI INITIATIVES
ENGINEERING MANAGEMENT FOR VALIDATION PROTOTYPE CONCURRENCY AND STREAMLINING, ON THE TEST AND
PHASE EVALUATION PHASE OF SYSTEM ACQUISITIONS
ALESSANDRO NEVIANI In AGARD. Flight Vehicle Development R. PARKINSON In AGARD. Flight Vehicle Development Time
Time and Cost Reduction 11 p (SEE N88-20173 12-81) Sep. and Cost Reduction 12 p (SEE N88-20173 12-81) Sep. 1987
1987 (AGARD-CP-424) Avail: NTIS PC A14/MF A0l
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 History has swung through the arc of a pendulum with the

The success and effectiveness of a concept of post World War II concurrent test and production at one apex
demonstration-validation through the use of prototypes depend and the 1970s fly-before-buy at the other. As a result of two of
essentially on the contractor's engineering management activities, the initiatives of the Secretary of Defense, manifested in
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concurrency and streamlining, the pendulum is now moving back making these extra savings would re by setting up permanent
toward more concurrency. particularly in the attempt to have collaborative institutions in industry and between governments.
concurrent test and evaluation by the various testers. Streamlining Author
is implemented in all programs, but there has not yet been a
program that has gone through the full acquisition test and
evaluation phase having been streamlined from its initiation. Both
initiatives have brought savings but there is concern that the support
infrastructure which required the execution of the initiatives may
not be in place when the program does not meet its cost schedule N88-23803# Rockwell International Corp. Lakewood. CA Aircraft
or performance requirements, Author Operations.

COHERENT FUNCTIONAL DEVELOPMENT: KEY TO

N8B-20199# Avions Marcel Dassault-Breguet Aviation. SUCCESSFUL FUTURE SYSTEM INTEGRATION

Saint-Cloud (France). BRUCE L HOUSE In AGARD, The Design, Development and

ACCELERATION OF PROTOTYPE DEVELOPMENT AND Testing of Complex Avionics Systems 22 p (SEE N88-23767

REDUCTION OF COST BY MULTIDISCIPLINARY 17-06) Dec. 1987

INTEGRATION (AGARD-CP-417) Avail: NTIS HC A18/MF A01

J. Y. LAZARD In AGARD. Flight Vehicle Development Time and An advanced, computer based engineering design methodology

Cost Reduction 4 p (SEE N88-20173 12-81) Sep. 1987 and tool set which enables and enhances complex system,

(AGARD-CP-424) Avail: NTIS HC A14/MF A01 subsystem and component design, analysis, integration and

Since its creation Avions Marcel Dassault-Breguet Aviation verification/validation testing in an operational context is described

(AMD/BA) has built 92 prototype aircraft, the last being the Rafale. When fully implemented, functional development by means of

a new technology demonstrator, forerunner ot future combat manipulation of coherently derived time-line state data, in a
aircraft. The industrial policy of the company, pursued with dynamic, high fidelity and operational contex. will enable concurrent.
continuity and perserverance, has always involved a very fast fully integrated, rapid prototyping and subsequent detailed design

development, followed by a rapid industrialization and the realization synthesis of the avonics, vehicle, weapons and crew systems
of high quality products. However. with the ever increasing components of a total weapon system. Author

complexity of modern aircraft, maintaining this orientation has
required an adequate new organization and the development of
several unique technical tools. Author

N88-20200# Societe Nationale Industrielle Aerospatiale, N88-30466# Glasgow Univ. (Scotland). Business School
Marignane (France). Div. Helicopteres. TECHNICAL CHANGE NEEDS ORGANIZATIONAL CHANGE
ORGANIZATION OF HELICOPTER DEVELOPMENT ACTIVITIES DAVID BODDY In AGARD. Barriers to Information Transfer and
WITH A VIEW TOWARD REDUCTION OF COSTS AND CYCLES Approaches Toward Their Reduction 5 p (SEE N88-30458 24-82)
[ORGANISATION DES ACTIVtTES DE DEVELOPPEMENT Mar. 1988
DHELICOPTERES EN VUE DE REDUIRE LES COUTS ET LES (AGARD-CP-430) Avail NTIS HC A06/MF A01
CYCLES) It is shown that effective performarce cannot be assured simpy
AUGUSTE DESMONCEAUX In AGARD Flight Vehicle by installing expensive, state of the art technology. The studies of
Development Time and Cost Reduction 15 p (SEE N88-20173 many applications of computing and information technology have
12-81) Sep 1987 In FRENCH included both successful and unsuccessful examples. The clear
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 practical lesson from this work is that the successful cases were

In recent years, helicopter development costs and cycles have usually those where technical change was accompanied by
increased greatly in relation to production costs. In fact. the appropriate organizational change, The less successl ones were
increase in specification demands requires greater and greater generally those where project were dominated by technical
efforts directed towards performance, materials, operational considerations, with little of no thought given to organizational
capabilities of components, and increasingly sophisticated systems, ones. These lessons seem as relevant to defence installations as
For these reasons, it is important to reduce the cycles and to the civilian ones in which the research was conducted The
development costs in order to bring overall development efforts common characteristic is that all organizations are confronted by
back into a reasonable balance. Such a reduction can be achieved technical developments, which are intended to help them meet
through the proper definition of the tasks that should be performed their objectives For them to succeed in that task, it appears that
in the course of a predevelopment phase, wherein the objectives management needs to ensure that three big hurdles are
are well specified and the determination of technical performance successfully crossed. These are: managing the project, setting
characteristics results from the best compromise between the right ot,2ctives; and changing the organization Each of these
obianable performance capabilities and the technical risks hurdles will be outlined in turn, and some proposals on how they
involved. This predevelopment phase is followed by a development can be overcome are suggested. Author
program in which the design, fabrication and testing overlap in an
attempt to limit the risks at each stage. Naturally. the flexibility
should be sufficient so as to continually maintain the best
compromise between design, product fabrication and testing.

Author
N89-10666# Advisory Group for Aerospace Research and

NOS-20201# Ministry of Defence, London (England). Development. Neuilly-Sur-Seine (France). Aerospace Medical
THE INFLUENCE OF INFRASTRUCTURE ON THE COSTS AND Panel.
TIMESCALES OF COLLABORATIVE PROGRAMMES PERFORMANCE ASSESSMENT REGISTER
R GARRETT In AGARD Flight Vehicle Development Time and 1988 152 p
Cost Reduction 7 p (SEE N88-20173 12-81) Sep. 1987 (AGARD-R.763; AD-A200523) Avail* NTIS HC A08/MF A01
(AGARD-CP-424) Avail: NTIS HC A14/MF A01 This Report presents the results of the first phase of AGARD

International collaboration can give substantial financial Aerospace Medical Panel Working Group 12 on Human
advantages, particularly in development, but there are features of Performance Assessment Methods. The major goal of Working
past programs which have also given rise to increased total costs Group 12 is to develop a standardized test battery, satisfying
This han reduced the advantage in terms of whole life costs to a conventional psychometric criteria such as reliability, validity, and
relatively small (but useful) percentage. No general assessment sensitivity, for which an extensive data base may be compiled
of the benetits is yet possible since there are insufficient, similar Each member of the Working Group sent a simple questionnaire
programs on which to conduct statistical analysis; each program to researchers in his own country who are active in performance
proposal needs to be judged on its own merits Although perfect testing The responses have been collated in the form of this
collaboration, with no additional costs, is unlikely to be achieved Report. which, it is hoped, will facilitate the communication between
there is room for a substantial additional saving to be made in laboratories necessary for the success of the subsequent
comparison with those achieved to date. One possible means of standardization program Author
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82 engineers, its availability, the sources - both oral and written -
from which the information is obtained and the scientists and

DOCUMENTATION AND INFORMATION SCIENCE engineers awareness of them, how they keep up-to-date, the time
spent seeking information, the use made of the library and the
communication patterns of scientists and engineers, is then given.

Includes information management; information storage and retrieval Some general suggestions for improving the communication and
technology; technical writing: graphic arts; and micrography. information flow within organizations to the satisfaction of practicing

scientists and engineers are made. Author

N86-28793# Advisory Group for Aerospace Research and NSG-26797# Office of the Under Secretary of Defense for
Development. Neuilly-Sur-Seine (France). Technical Information Research and Engineering, Washington, DC. Research and
Panel. Laboratory Management.
THE VALUE OF INFORMATION AS AN INTEGRAL PART OF INFORMATION SERVICES: PROS AND CONS
AEROSPACE AND DEFENCE R AND D PROGRAMMES L. YOUNG In AGARD The Value of Information as an Integral
Jan. 1986 96 p Meeting held in Cheftenham. England. 4-5 Part of Aerospace and Defence R and D Programmes 8 p (SEE
Sep. 1985 N86-28793 19-82) Jan. 1986
(AGARD-CP-385; ISBN-92-835-0389-9; AD-A166641) Avail: (AGARD-CP-385) Avail: NTIS HC A05/MF A01
NTIS HC A05/MF A01 A strong science and technology base is a national necessity

The management and use of scientific and technical information in a competitive world, and adequate communication is a
in the R and D process is examined from the perspective of prerequisite for it. An individual, be it a policy maker, program
policy makers, program managers, and researchers. Aspects manager, a bench scientist or engineer resorts to the information
considered at the meeting included the need to incorporate system if he believes it will save him or her time to first consult
information as an integral part of the R and D process, the value the written record rather than to undertake a repetitious experiment
of information in reducing the cost and preventing the duplication or investigation. The three components to an effective information
of research, improvements in the sharing of information resources service are the sources (those who provide or produce information),
among the NATO countries, and requirements for the future. For the users (those who need the information) and the professional
individual titles see N86-28794 through N86-28803. information specialists (those who bind the whole system together).

The cooperation toward information exchange of all those
N86-28794# British Aerospace Public Ltd. Co., Weybridge connected with research and development must be enlisted in
(England). Divisional Technical Directorate. support of the system of which they are a part. Author
THE POLICY MAKER LOOKS AT INFORMATION
J. B. SCOTT-WILSON and J. P. HASINSKI In its The Value of NBG28798# Engineering Sciences Data Unit, London
Information as an Integral Part of Aerospace and Defence R and (England).
D Programmes 9 p (SEE N86-28793 19-82) Jan. 1986 THE COSTS OF NOT HAVING REFINED INFORMATION
(AGARD-CP-385) Avail: NTIS HC A05/MF A01 A. J. BARRETT In AGARD The Value of Information as an

The policy making heirarchy within British Aerospace is Integral Part of Aerospace and Defence R and D Programmes 9
described and the information routes to and from an intermediate p (SEE N86-28793 19-82) Jan. 1986
level policy maker (Divisional Technical Director) are examined. (AGARD-CP-385) Avail: NTIS HC A05/MF A01
The information paths for two typical research projects are The adequacy of the information resources. which are
considered as examples: the use of aluminum/lithium alloys as called upon for support at decision points in the research-
structural materials and the initiation and development of a new design-production-marketing process, can in part be mea-
aircraft project. Information quality and the use of automated sured by their scope, the presence or absence of information
techniques by policy makers are also discussed. ti, G. within that scope and, increasingly, by the extent to which they

offer refinement in terms of the timeliness and quality of the
N86-28795# NATO Integrated Communications System information which can be retrieved. Timeliness in the present
Management Agency. Brussels (Belgium). context relates not so much to the response time of the information
A PROGRAMME MANAGER'S NEEDS FOR INFORMATION system as to the extent to which that system is tuned to the
I. MASON-SMITH In AGARD The Value of Information as an volatility of the information which it contains. Likewise, the qualit,
Integral Part of Aerospace and Defence R and D Programmes 8 of information is not to be judged only by its relevance and
p (SEE N86-28793 19-82) Jan. 1986 authenticity but also by the convenience of its form of presentation
(AGARD-CP-385) Avail: NTIS HC A05/MF A01 in the view of the decision maker who has need of it. The main

The underlying basis for the information need of the program focal points of the paper are the costs, disruption and other losses
manager within the NATO Integrated Communications System which arise from a lack of knowledge of previous work, the use
Agency (NICSMA) is examined in some detail, in terms of the of out-of-date technical information and, in particular, the extent
role of that agency as exemplified by its current charter. The to which the use of insufficiently refined numerical data leads to
various specific needs of the program planner working within this the under-, or over-, design of hardware, These are illustrated by
framework are then identified and critically reviewed. Finally, the a number of quantified examples. The transition from an industrially
paper notes the expanding role of the remodelled agency (NACISA) based to an information or service based society highlights the
to include the development of both communications and information growing needs of the R&D decision maker and others for systems
systems for NATO; in this context, the urgent need to re-examine which will provide high quality numerical and factual data. However.
the basic information requirements of the Agency is encouraged substantiation of these needs may never be available in terms of
and proposals sought. Author evidence of direct future benefits as distinct from evidence of

historic losses. More dynamic means of demonstrating the impact
N8828796# Raitt (D. I.). Den Haag (Netherlands). of information quality upon the interests of the decision maker
THE INFORMATION NEEDS OF SCIENTISTS AND ENGINEERS must be devised and guidelines for two such projects are
IN AEROSPACE suggested. Author
D I RAITT In AGARD The Value of Information as an Integral
Part of Aerospace and Defence R and D Programmes 5 p (SEE N86-28799# King Research. Inc., Rockville, MD.
N86-28793 19-82) Jan. 1986 MEASURING THE VALUE OF INFORMATION AND
(AGARr-CP-385) Avail: NTIS HC AO5/MF AOl INFORMATION SYSTEMS, SERVICES AND PRODUCTS

A bref description of a recent research project to ascertain D. W. KING and J. M. GRIFFITHS In AGARD The Value of
the comminication and information-seeking and use habits of Information as an Integral Part of Aerospace and Defence R and
scientists and engineers working in aerospace research D Programmes 15 p (SEE N86-28793 19-82) Jan. 1986
establishments and other organizations is given. Relevant (AGARD-CP-385) Avail: NTIS HC A06/MF A01
organizations studied include DFVLR, NLR, CNES and ESA. An approach for measuring the value of information and
Following an overview of the basic characteristics of scientists information systems, services and products is presented. Results
and engineers, a review of the project's major findings as they of four research projects that have measured value of recorded
relate to the type of information required by scientists and information used by professional such as scientists, engineers.
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managers. etc. are also discussed. Furthermore, data are given well. Data is dear to the user. It is expensive to capture and it is
on the value of such systems and services as a bibliographic important that it reaches all applications which needs it So to
database of international publications, online search systems and keep the whole problem o1 data management under control storage,
libraries. The approach used to measure value includes several processing and transfer techniques evolve rapidly. This paper is
perspectives. The first perspective is what users are willing to pay focused on three important technological breakthroughs in each
for information in terms of money (if exchanged) and the pnce of these domains: a new storage technique, the optical disc; a
paid by users in terms of their time and effort to get and read the new way to process data, the expert systems; and a new way to
information. Once information is read and assimilated, there are exchange data. with query languages. Author
many purposes for which it might be used such as in one's work,
to educate oneself or others, to satisfy one's curiosity, etc. The N682$803# Fachinformationszentrum fuer Energie, Physik,
consequential value resulting from information use is partially Mathematik G.m.b.H., Eggenstein-Leopoldshafen (Germany. F.R).
measured by the savings that are derived from information use. Energy and Technology Div.
Higher order values are how the consequential value affects the INFORMATION RESOURCES MANAGEMENT IN THE R AND D
user's organization and, in turn, society. Author ENVIRONMENT

K. BUERK In AGARD The Value of Information as an Integral
N86-28800# National Defence Headquarters, Ottawa (Ontano). Part of Aerospace and Defence R and D Programmes 4 p (SEE
Directorate of Industry and Univ. Programs. N86-28793 19-82) Jan. 1986
INTERNATIONAL INFORMATION EXCHANGE PROGRAMMES (AGARD-CP-385) Avail: NTIS HC A05/MF A01
ARE NECESSARY Efficient management of highly specialized information is a
A. S. REEVES In AGARD The Value of Information as an Integral permanent task of optimization, whereby framework conditions may

Part of Aerospace and Defence R and D Programmes 5 p (SEE constantly change on account of various influencing factors. Owing
N86-28793 19-82) Jan. 1986 to their special significance, the following has to be considered in
(AGARD-CP-385) Avail: NTIS HC A05/MF A01 particular: user needs, available resources, and information

The economic and cultural ties between Canada. the U.S. and techniques. The task of optimization, due to its complexity, cannot
European nations are enhanced by various means of information be solved model-like, but only approximately and pragmatically.
exchange between and among countries. The benefits of two Illustrated by the example of the Federal Republic of Germany
different but interconnected processes of technology transfer are and the Fachinformationszentrum Energie Physik Mathematik (FIZ)
discussed: the alerting of allies to information available and the the attempt to find a practical solution is demonstrated. In this
exchange of document literature. Since concern about national context it is shown which role a National Information Center plays
security and proprietary information may preclude defence research within international and national cooperation including workshanng.
and development programs from publishing; as do other disciplines, and how information supply and dissemination of information works
in the open literature, special exchange agreements are necessary in the case of central information services by FIZ. and decentral
The programs which have existed for some years among various dissemination of information in research centers Illustrated by the
NATO countries usually limit the subject areas of common interest examples of database production, online services of bibliographic.
to be discussed, and the organizations to be included. This process numeric and full-text databases and the concept of the International
is illustrated using the Canadian situatior Some of the existing Information Network for Science and Technology (STN
Canadian exchange agreements are examied, showing how they International), the importance of the use of the most modern
operate. the types of information which are included, the routes information techiques is demonstrated. Author
by which information is passed from one country to another The
ways in which information passes through the documentation N87-19923# Logistics Management Inst., Bethesda. MD
centers to become a valuable service to the end users and thus BIBLIOGRAPHIC NETWORKS AND MICROCOMPUTER
enhance research and development productivity are detailed APPLICATIONS FOR AEROSPACE AND DEFENSE SCIENTIFIC
Specific examples of the use of international information exchange AND TECHNICAL INFORMATION
programs to some major defence projects are shown The release RICHARD W. HARTT In AGARD The Application of
of information is beneficial to the releasing country as well as to Microcomputers to Aerospace and Defence Scientific and Technical
the receiving country because of the increased visibility of the Information Work 16 p (SEE N87-19920 12-60) Oct. 1986
information and the resulting reciprocal transfer of related data (AGARD-LS-149) Avail: NTIS HC A06/MF A01

M G Bibliographic networks provide the means for sharing
NB-28401# Royal Library of Belgium. Brussels information resources among geographically dispersed libraries
THE IDEAL INFORMATION SYSTEM? WHAT DOES THE USER As part of a bibliographic network, a single library can access a
REALLY WANT? wide variety of bibliographic information, participate in shared

G M. VANAUTRYVE In AGARD The Value of Information as as cataloging, and acquire holdings (purchase or loan) Described
Integral Part of Aerospace and Defence R and D Programmes 4 p here are: (1) the functions and operations of libraries supporting
SEE N86-28793 19-82) Jan. 1986 aerospace and defense scientific and technical work. (2) the

(AGARD-CP-385) Avail: NTIS HC A05/MF A01 environment and characteristics of bibliographic networks and (3)

In planning future information systems, it is of utmost importance the automated system capabilities required for network
to take into account the user who finally decides on the success participation. A discussion of the use of microcomputers as

of the systems. So far, system improvements have mainly been cost-effective yet powerful tools for exploiting bibliographic network

implemented with the expenenced user in mind. Therefore. if the resources is included. An automated system being developed for
information systems want to get a better penetration, they will U.S. Department of Defense technical libraries is described This

have to implement interfaces faciliting the accessibility of the system integrates local library functions with capabilities for

information by the non-experienced user. Also, access to those accessing bibliographic network resources, both government and

idealized information systems could be improved through better commercial Author

cooperation between telecommunication authorities. Author
N87-19926# Atomic Energy Research Establishment. Harwell

N86-28802# BULL, Louveciennes (France), (England).
NEW TECHNOLOGIES FOR IMPROVED INFORMATION KNOWLEDGE BASED SYSTEMS IN INFORMATION WORK
SYSTEMS AND SERVICES L. F. CROALL In AGARD The Application of Microcomputers to
G GAUTHIER-VILLARS In AGARD The Value of Information as Aerospace and Defence Scientific and Technical Information Work
an Integral Part of Aerospace and Defence R and D Programmes 3 p (SEE N87-19920 12-60) Oct. 1986
12 p (SEE N86-28793 19-82) Jan 1986 (AGARD-LS-149) Avail NTIS HC A06/MF A01
(AGARO-CP-385) Avail: NTIS HC A05/MF AOt The impact of artificial intelligence on the use of computer

Information data bases are growing exponentially both because based systems in information work is discussed. The background
of the number of records and because of the type of data The to artificial intelligence iP. brieiiy discussed, followed by examples
number of occurrences encompassed by a data base has an of some of the possible applications. Particular consideration is
evident influence on its volume, but as one moves from coded given to the ACHILLES system developed at Harwell which provides
data to textual data and to images the need for space grows as corrosion information Author
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N87-19927# Gurnsey (J.), Wembley (England). information process are discussed. Specifically, the lack of
MICROCOMPUTERS IN INFORMATION RESOURCE SHARING: consciousness and appreciation of the importance of information
TWO FULL TEXT SYSTEMS is stressed. Au -or
J. GURNSEY In AGARD The Application of Microcomputers to
Aerospace and Defence Scientific and Technical Information Work
12 p (SEE N87-19920 12-60) Oct. 1986
(AGARD-LS-149) Avail: NTIS HC A06/MF A01 N87-26677# American Inst. of Aeronautics and Astronautics,

Full text database use in Europe has been slow to develop. New York, NY Technical Information Services.
due in part to the narrow definition commonly adopted. In its BENEFITS OF SCIENTIFIC AND TECHNICAL INFORMATION
widest sense, full text may be used to comprise all databases. SERVICES FOR AEROSPACE AND DEFENSE
textual or numeric, which are complete in themselves and do not BARBARA LAWRENCE In Advisory Group for Aerospace
merely refer the user onward to the primary literature. A range of Research and Planning and Designing Effective Defence and
factors - market structure, language, economics, copyright and Related Information Services 4 p (SEE N87-26675 20-82) Apr.
others - influences the emergence of full text services in Europe, 1987
and the effect of these factors is often quite different from that (AGARD-CP-416) Avail: NTIS HC A06/MF A01
on the bibliographic market, and indeed on North American full The benefits of having an aerospace and defense scientific
text developments. Technological changes in computers, storage and technical information service are considered based on an
technology and software, both within and outside the online industry understanding of the literature in the field. The functions of a
affect the use of full text sources. In particular, since full text centralized information center and the nature of the research and
tends to emphasize the importance of decentralized information development process are discussed. Author
services, innovations in CD-ROM and magnetic media deserve
consideration as they ease the creation of practical selections
from large text sources for particular users, and also create
opportunities and so influence the scope of data available in full N87-26678# National Defence Headquarters, Ottawa (Ontario)
text mode. Author Directorate Scientific Information Services.

A MODEL OF A DEFENCE INFORMATION SERVICE AS SEEN
N87-21189# Naval Air Propulsion Test Center, Trenton. NJ. BY THE USER
HIGH RESPONSE DATA ACOUISITION SYSTEM BARBARA F. AUBREY In Advisory Group for Aerospace Research
MARK K. FALL anc HENRY P. DRESS In AGARD Advanced and Planning and Designing Effective Defence and Related
Instrumentation for Aero Engine Components 11 p (SEE Information Services 5 p (SEE N87-26675 20-82) Apr. 1987
N87-21170 14-31) Nov. 1986 (AGARD-CP-416) Avail: NTIS HC A06/MF A01
(AGARDoCP-399) Avail: NTIS HC A24/MF A01 The characteristics which make up a typical defense information

High response instrumentation is used frequently in gas turbine service in the mid 1980's are described. In outlining its goals.
engine testing to determine the transient and dynamic behavior of organization, facilities and services, the differences between a
various engine and component parameters. The Naval Air defense information service and a traditional library are highlighted.
Propulsion Center (NAPC) enhanced its data acquisition and As a systematic manager of information needed by a nation's
analysis capability in April 1983 with a new digital high response defense community, this service has requirements over and above
data acquisition system which eliminated many of the problems those of a library in the types of infomation collected, in furniture
inherent with older analog data acquisition and analytical methods, and equipment, and in the vanety of services offered. Services
This system has the capability of acquiring multiple parameters provided by defense information agencies in identifying, acquiring.
simultaneously at an aggregatc sampling rate of up to 48,000 organizing, subject analyzing, announcing and disseminating
samples per second with on-line digitization and real time recording recorded knowledge are illustrated through a number Of
on a private data disk. The NAPC offine data analysis system mini-scenarios describing typical situations in which a potential
provide- same-day access to the data with the capability to display user of a defense information service may find himself Author
the data in various tabular and graphical formats. Analytical
techniques available include time zero analysis, high pass, low
pass. and band pass digital filtering, and power spectral density
analysis using fast fourier transformations. Author N87-26679# Technisch Documentatie en Informatie Cenirum

voor de Krijgsmacht, The Hague (Netherlands)
N87-26675# Advisory Group for Aerospace Research and USER NEEDS AND HOW TO DETERMINE THEM
Development. Neuilly-Sur-Seine (France). Technical Information G. M BREAS In Advisory Group for Aerospace Research and
Panel Planning and Designing Effective Defence and Relaed Information
PLANNING AND DESIGNING EFFECTIVE DEFENCE AND Services 2 p (SEE N87-26675 20-82) Apr. 1987
RELATED INFORMATION SERVICES (AGARD-CP-416) Avail: NTIS HC A06/MF A01
Apr. 1987 116 p In ENGLISH and FRENCH Meeting held in Three ways of studying user needs and the accompanying
Ankara. Turkey. 10-11 Sep. 1986 ways to determine them are discussed Knowledge of the potential
(AGARD-CP-416; ISBN-92-835-0417.8; AD-A184833) Avail: users, analysis of the information itself and analysis of the form in
NTIS HC A06/MF A01 which the information will be disseminated are discussed

The planning and designing of effective defense and related Author
information services are discussed. The information scene in
Turkey, the benefits of scientific and technical information services.
determining user needs, planning, security considerations, and
sources of information for a defense information service are amrng N87-26180# National Technical Information Service. Springfield,
the topics discussed. For individual titles, see N87-26676 through VA.
N87-26685. STRATEGIC PLANNING PROCESS AT THE NATIONAL

TECHNICAL INFORMATION SERVICE
N87-26676# Ministry of National Defence, Ankara (Turkey). Dept JOSEPH F CAPONIO and DONALD S BUDOWSKY in Advisory
of Research and Development. Group for Aerospace Research and Planning and Designing
THE INFORMATION SCENE IN TURKEY Effective Defence and Related Information Services 6 p (SEE
D KAYA, N. TUNCER, and E. URUNDUL (Scientific and Technicai N87-26675 20-82) Apr 1987
Research Council of Turkey. Ankara.) In Advisory Group for (AGARD-CP-416) Avail NTIS HC A06/MF A0
Aerospace Research and Planning and Designing Effective External trends such as the growth of the information society.
Defence and Related Information Services 3 p (SEE N87-26675 the increasing economic value of information, the growth of
20-82) Apr. 1987 research and development, funding, and advances in automation
(AGARD-CP-416) Avail: NTIS HC A06/MF A01 have dictated the need for information services to have a strong

After a brief overview of the Turkish information scene and commitment to strategic planning. These trends are discussed
library system, the three most important information centers are and the strategic planning process at the National Technical
descnbed in detail. General problems and shortcomings in the Information Service (NTIS) is outlined Author
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N87-26681# Dokumentationszentrum der Bundeswehr, Bonn Regular announcement of document holdings and searches of
(Germany, F.R.). document holdings in response to specific inquiries are discussed
SECURITY CONSIDERATIONS, DEFENCE-RELATED AND The various types of current awareness and search service are
COMMERCIAL described and are illustrated by reference to the Defense Research
HELMUT BRAUN In Advisory Group for Aerospace Research Information Center (DRIC) which provides these services to the
and Planning and Designing Effective Defence and Related United Kingdom defense community. Author
Information Services 12 p (SEE N87-26675 20-82) Apr 1987
(AGARD-CP-416) Avail: NTIS HC A06/MF A01 N87-29511# International Business Machines Corp.. Gaithersburg.

A number of topics associated with the management and MD.
handling of classified documents and documents under commercial STARS, POLYGONS AND CLUSTERS
confidentiality in a defense information center are discussed. These ROBERT 0. TUREK and JOEL S. GREENSTEIN (Clemson Univ.
questions are considered: Should one operate a classified data S.C.) In AGARD, Information Management and Decision Making
base or keep the data in it unclassified? How do you produce in Advanced Airborne Weapon Systems 7 p (SEE N87-29503
unclassified references to classified documents. The restrictions 24-06) Feb. 1987
imposed upon doc'ments with statements limiting their distrbution (AGARD-CP-414) Avail. NTIS HC A14/MF A01
are discussed, and the differences between unclassified and One technique for displaying a set of quantitative variables is
unlimited are explained. Author to represent the values graphically in the form of a polygon or

star, allowing the observer to visually handle complex information
N87-2662# Dokumentationszentrum der Bundeswehr. Bonn quickly, as a whole. Such displays have been used in vanous
(Germany. F R ) areas, for data exploration and presentation, and in status displays;
THE RESOURCES REQUIRED TO RUN AN INFORMATION they are also suited to categorization and identification tasks. For
SERVICE polygon displays to be reliably used, they should be capable of
JAN MUELLER In Advisory Group for Aerospace Research and being interpreted consistently. An experimental investigation was
Planning and Designing Effective Defence and Related Information undertaken to ascertain the effect of variation in certain visual
Services 18 p (SEE N87-26675 20-82) Apr 1987 features of the display on the consistency with which untrained
(AGARD-CP-416) Avail: NTIS HC A06/MF Aol subjects categorize information presented as polygons Variables

Conceptual. manpower, material and financial components are included background information, shading of figures, and form.
described and discussed as the resources of an information and Subjects performed a categorization task on several sets of data
documentation (I and D) service. The special role of infrastructure the results were analyzed on the basis of consistency between
is also examined. Author individuals and consistency with certain standard clustering

algonthms. Implications for display design include the effects of
N87-26683# Centre de Documentation de I'Armement. Paris distinctive patterns on similarity judgements. of the nature of the
(France) Dept. Bariques de Donnees-Methodes et Relations data represented, and of the interaction of variables. Author
Exteneures
SOURCES OF INFORMATICIA FOR A DEFENSE INFORMATION N87-29512# Aerospace Medical Research Labs.
SERVICE (LES SOURCES DINFORMATION DANS UN SERVICE Wright-Patterson AFB, OH. Human Engineering Div.
DINFORMATION DE LA DEFENSE) AN ASSESSMENT OF VARIABLE FORMAT INFORMATION
ALBERT YANEZ In Advisory Group for Aerospace Research PRESENTATION
and Planning and Designing Effective Defence and Related J A. FORESTER In AGARD, Information Management and
Inforination Services 8 p (SEE N87-26675 20-82) Apr 1987 In Decision Making in Advanced Airborne Weapon Systems 13 p
FRENCH (SEE N87-29503 24-06) Feb 1987

IAGARD-CP-416) Avail: NTIS HC A06MF A01 (AGARD-CP-414) Avail: NTIS HC A14/MF A01
A topology of information sources of use to a defense Three experiments testing the feasibility of vaiiing informatin

information community is presented. Sources are classified and display formats as task demands change in complex multitask
examined with regard to localization (internal defense sources, environments were conducted. A multiple resource mode, o human
domestic, and foreign), level of organization, information content, information processing was used as a guide for determining how
type of utilization, and type of support. Author best to represent task relevant information under changing

conditions and the general validity of certain aspects of the model
N87-26684# Laborelec, Linkebeek (Belgium) was assessed Experiment t investigated the usefulne-s of a basic
THE TREATMENT OF GREY LITERATURE ILE TRAITEMENT dual task environment for testing the variable format approach
DE LA LITTERATURE GRISEJ and Experinment 2 demonstrated that the technique was succussul
CLAUDE J. SALMON In Advisory Group for Aerospace Research under simple task conditions Experiment 3 increased the
and Planning and Designing Effective Defence and Related complexity of the base dua task by including a third task in an
Information Services 7 p (SEE N87-26675 20-82) Apr. 1987 In adaptive system context. The results from Expenment 3 supported
FRENCH the use of variable formats in complex adaptive systems and were
IAGARD-CP-416) Avail NTIS HC A06/MF A01 consistent with the tenets of multiple resource theory Experment

Grey literature represents a vast quantity of documents in all 3 also indicated the importance of considenng individual differences
fields including scientific and technical. sociological and economic, in the design of adaptive systems The overall approach attempts
Although not at the documents comprising grey lite'ature are of to improve human processing efficiency by capitalizirng on current
the same quality, their alue is unquestionable, for many they knowledge of human information processing characteristics and
represent the principle source of information. The characteristics capabilities Author
of grey literature are outlined and the advantages of these
documents as yn information source are discussed Problems N87-29513# Naval Aerospace Medical Research Lab. Pensacola.
concerning idenltification, acquisition and collection, and FL
normalization and bibliographic control are defined. The processing PERCEPTUAL PROCESSING CAPABILITIES RELEVANT TO
of grey literature in Belgium and within the System for Information DESIGN OF VISUAL DISPLAVS FOR INFORMATION
on Grey Literature in Europe (SIGLE) is described Author MANAGEMENT IN ADVANCED AIRBORNE WEAPON

SYSTEMS

R87-2605# Defence Research Information Centre, Glasgow TOMMY R. MORRISON In AGARD, Information Management
(Scotland) and Decision Making in Advanced Airborne Weapon Systems 9 p
TELLING THE USER WHAT IS AVAILABLE: ANNOUNCEMENT (SEE N87-29503 24-06) Feb. 1987
AND SEARCH (AGARD-CP-414) Avail: NTIS HC A14/MF A01
C 0 ADAMS In Advisory Group for Aerospace Research and A review of P-3C Tactical Coordinator task analytic data
Planning and Desiqning Effective Defence and Related Information provided the basis for developing an experimental paradigm for
Services 8 p (SEE N87-26675 20-82) Apr 1987 investigating cognitive processing demands characteristic of Naval
(AGARD-CP-416) Avail: NTIS HC A06/MF A01 aviation displays. Stpwise regression analyses of ye obtained

The various means by which an information service can make data provided assessment of processing times associated with
users aware of documents which are available are discussed, the various rhsplay demands and regression equations for predicting
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performance. The results provide human performance data relevant to increase instructor efficiency. Extensions of these techniques
to human factors end design engineers involved in developing for operational system use are also presented Author
visual displays to enhance information management in advance
airborne weapon systems Author

N8S-30458# Advisory Group for Aerospace Research and

N7-29514# Royal Air Force tnst of Aviahon Medicine. Development. Neuilly-Sur-Seine (France). lechnical Information
Fanborough (England). Panel.
PERCEPTUAL ORGANISATION AND INFORMATION BARRIERS TO INFORMATION TRANSFER AND APPROACHES
MANAGEMENT TOWARD THEIR REDUCTION
R M TAYLOR M.s AGARD. Information Management and Decision Mar 1988 110 p In ENGLISH and FRENCH Meeting held in
Making in Advanced AirborneWeapon Systems28p(SEE N87-29503 Washington, DC. 23-24 Sep 1987
24-06) Feb ;987 (AGARO-CP-430; ISBN-92-835.0449-6; AD-A194653) Avail
AGARD-CP-414) Avail: NTIS HC AT4/MF A0t NTIS HC A06/MF A01

The changing requirements for information processing and Topics addressed include: an overview of the barriers to the
control and the development of the information management international transfer of information. particularly in aerospace and
function are reviewed through the history of the aircraft cockpit. defence; linguistic, political, and economic barriers; the use of
Information management was once entirely carried out by the pilot technology to overcome these and other barriers, e.g. machine
but now this function seems likely to be shared between the pilot translation, links between disparate databases and tele-
and adaptive automation. Human information management begins conferencing: the importance of standards: and the need to
with perceptual organization Gestalt thinking on perceptual change organizations when introducing or changing technology
organization is reviewed with reference to the inforn3tion to prevent internal barriers reducing the acceptance and the use
processing approach to human cognition and in particular to the of the new technology. For individual titles, see N88-30459 through
operations of selective attention, working memory and the linking N88-30467
of perception and thought, Perception can be facilitated through
th design of information displays. The influence of the principles
of perceptual organization on the design of the dialogue across N88-30459# Commissariat a rEnergie Atomique. Gid-sur-Yvette
the human machine interface is reviewed with particular reference (France).
to the integration and differentiation of flight information. Three LINGUISTIC AND CULTURAL BARRIERS TO THE TRANSFER
experiments are reported that are relevant to the use of color as OF INFORMATION
an organizational factor in complex pictorial computer generated ROLAND LARUE In AGARD. Barriers tr information Transfer
displays Author and Approaches Toward Their Reduction 7 p (SEE N88-30458

24-82) Mar. 1988
N87-29515# Royal Aircraft Establishment. Farnborough (England). )AGARD-CP-430) Avail. NTIS HC A06/MF A0l
Flight Systems Dept. The relative importance of languages in the world in 1987 is
INFORMATION MANAGEMENT IN THE ARMY BATTLEFIELD descnbed showing that the world population makes use of about
HELICOPTER ten anguages. each of which covers an area of the globe The
C P. GIBSON and 0. WILLIAMS In AGARD, information trends are revealed by an analysis of population density and
Management and Decision Making in Advanced Airborne Weapon socio-economic balances The use of language is studied in the
Systems 13 p(SEE N87.29503 24-06) Feb 1987 field of science and technology, according to the type of
(AGARD-CP-414) Avail: NTIS HC A14/MF A01 communication (written or spoken) and the contents (from

Considerable experience in the design of mission management mathematics to technology) and the tendencies are shown The
systems has been gained in recent years. Flight trials have shown attempts which were made to overcome the linguistic barrier
that careful design of these systems can result in considerable such as the introduction of a single common language (esperanto
time savings in executing many of the tasks performed by the or English) or the development of the study of foreign languages
crew during tactical operations In addition, flight trials were also are examined. The detailed analysis o the cultural barrier is carried
conducted to evaluate the potential benefits of a simple tactical out by several approaches (sociological, psychosociological,
situation display presented on a color cathode ray tube. These psychoanalytic, and psycholinguistic) in order to reveal the genuine
trials have given valuable insight into the applications and individual and collective stakes. Future trends, such as the working
requirements of this type of display. The experience gained was of the Commission of the European Communities with its nine
applied to the development of a complete system for installation official languages are discussed, and some predictions are put
in a helicopter with a MIL-STD-1553B databus avionics system to forward on the linguistic state of the world at the beginning of the
enable further flight trials addressing system integration and man 2tst century. Author
machine interface optimization. A flexible ground station was also
developed to allow investigation of optimizing methods for
premission programming of the system and tactical situation display N88-30460# Congressional Research Service. Washington. DC
via a solid state data transfer device. Author Science Policy Research Div.

POLITICAL AND ECONOMIC BARRIERS TO INFORMATION
N87-29517# Mitre Corp.. Bedford, MA. TRANSFER
ADVANCED INFORMATION MANAGEMENT AND DECISION JANE BORTNICK In AGARD. Barriers to Information Transfer
MAKING IN AIRBORNE EARLY WARNING AND CONTROL and Approaches Toward Their Reduction 4 p (SEE N88-30458
(AEW&C) TRAINING SYSTEMS 24-82) Mar. f988
L M ROSA. E. L ESTOCHEN. J L BOTTOMLEY. and M. J. (AGARD-CP-430) Avail NTIS HC A06/MF A01
HEBERT In AGARD, Information Management and Decision As international comp-iter/communications networks proliferate,
Making in Advanced AirborneWeapon Systems 12 p (SEE N87-29503 the issue of limits to information transfer becomes more critical.
24-06l Feb 1987 Individual businesses and even entire industries depend upon the
(AGARD-CP-414) Avail: NTIS HC A14/MF AOl ability to transfer information on a global basis in a timely and

Fundamental concepts are developed for the application of cost-effective basis Additionally, international cooperation in
information management and artificial intelligence-based decision science and technology invoives greater international collaboration
making technology to current and future surveillance, command. ar d oint efforts Barners that threaten this capability ultimately
control and communication training systems Specific emphasis is reduce the growth of markets end limit innovation For this reason.
placed upon Airborne Early Warning and Control (AEW and C) efforts are underway in bilateral and multinational negotiations to
training cystems using the E-3 Mission Simulator as the analysis reduce barriers and establish consensus guidelines in areas ranging
example Present Mission Simulator capabilities ire discussed from privacy to trade Some of the specific limitalions to information
along with ongoing improvement programs Training inadequacies transfer, including privacy, trade restrictions, national security, and
and instructor workload problems are highlighted Advanced telecommunications regulations are focused on. It also highlights
information management and artfic'I1 intelligence lechnio, is are international efforts to reduce these barriers and establish common
proposed to overcome these and other training deficiencies and approaches to facilitate information 'rinsfer Author
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N88-30481# Saarland Univ., Saarbrucken (Germany. F.R.). on cross-referencing to already established and recognized terms
LINGUISTIC-TECHNICAL ASPECTS OF MACHINE Manual and machine indexing provide the same basic tools.
TRANSLATION machine indexing being, in many cases, more feasible.
HARALD H. ZIMMERMANN In AGARD. Barriers to Information Standardized terms are compled in special listings such as the
Transfer and Approaches Toward Their Reduction 7 p (SEE glossaries prepared and published by NATO. The linguistic quality
N88-30458 24-82) Mar. 1988 norms of standardized terminologies are limited to the specialized
(AGARD-CP-430) Avail: NTIS HC A06/MF A01 objectives of such terminologies. Terminological barriers are costly

To allow comparison of computer aided translation (CAT) and and should therefore be reduced in order not to hinder the transfer
machine translation (MT) systems, essential criteria and typical of knowledge and access to information data. Author
exponents of the various concepts are presented. Among the most
important criteria of differentiation are the following: translation of N$-30465# National Scientific and Technical Documentation
complete texts (including titles, abstracts) vs lexical aid for Center. Brussels (Belgium). Belgian Translation Centre.
translation: all-round translation vs translation of specialized fields LINGUISTIC BARRIERS: TRANSLATION PROBLEMS
and texts; bilingual translation vs multilingual translation; I. CLEMENS In AGARD, Barriers to Information Transfer and
user-oriented vs administrator-oriented expansion of dictionaries Approaches Toward Their Reduction 6 p (SEE N88-30458 24-82)
and systems; and portability. Included essential critieria for Mar. 1988
evaluation are: quality of the raw (also called informative) (AGARD-CP-430) Avail: NTIS HC A06/MF A01
translation, advantages/disadvant,,ges as opposed to human Linguistic problems are in close connection with information
translaton; embedding in a user envi )nment (data bases, indexing problems. They therefore are examined jointly in order to solve
and retrieval, word processing, ilectronic publishing); user the terminological problems and to reach the documentary mass.
friendliness; costs of development md installation; and running The problems of comprehension of the texts by the specialist are
costs and affects of realization. Author examined as well as the difficulty raised by the translator. Linguistic

problems are examined according to characteristics of the unilingual
N88-30462# Defense Technical Information Center, Alexandria. and multilingual countries and according to the groups of languages
VA. The existing means to reduce linguistic barrier and implied
INFORMATION RETRIEVAL SYSTEMS EVOLVE-ADVANCES institutions are considered from the point of view of the user. and
FOR EASIER AND MORE SUCCESSFUL USE of the translator. The translator is the keyman to overcome linguistic
GLADYS COTTER In AGARD, Barriers to Information Transfer barrier. The translator is confronted with the problems of scientific
and Approaches Toward Their Reduction 14 p (SEE N88-30458 and technical text comprehension, of search for information and
24-82) Mar. 1988 technical terms sources, of adaptation to the modern work methods
(AGARD-CP-430) Avail: NTIS HC A06/MF A01 The use of data processing provides him some help and multiple

The advances which are being made in information retrieval possibilities of the translation process. Among the known method
systems to assist end-users and information specialists to of translation, computer-assisted translation seems currently the
overcome the critical barriers which make it difficult for them to most performing: use of a PC for translation processes as such,
exploit the power of these systems are described. Technology use of computerized dictionanes and bibliographical data bases
which is being applied to allow users to interact with information as multilingual terminology sources reliable and up-to-date The
retrieval systems with greater ease and more successful results is whole of raised measures makes it possible to reduce linguistic
identified. To illustrate this process, the efforts of the U.S. Defense difficulties of the information user and to ensure an effective help
Technical Information Center to develop and implement an to the transfei. Author
integrated, functional scientific and technical information network
are described This network was purposefully designed to N88-30467# National Library of Canada. Ottawa (Ontario).
incorporate both end-users and their information management USING STANDARDS TO BREAK DOWN INFORMATION
intermediaries in a complementary manner making them resolute TRANSFER BARRIERS
partners in the work and its rewards. The uses of technology CYNTHIA J. DURANCE In AGARD. Barriers to Information
modules (artificial intelligence, expert systems, gateways, Transfer and Approaches Toward Their Reduction 5 p (SEE
user-friendly interfaces) to overcome user barriers are descrbed N88-30458 24-82) Mar. 1988

Author (AGARD-CP-430) Avail: NTIS HC A06/MF A01
Standards for representing and encoding data as well as

N88-30463# Atlantic Refining Co., Philadelphia, PA. ARCOvision standards for the interconnection of systems having different
Services, hardware and software are both essential for effective electronic
INFORMATION TECHNOLOGY TO FACILITATE GROUP information transfer. To date, although major strides were made
INTERACTION internationally on standards in both the dat3 and
CYNTHIA A. SAVAGE In AGARD, Barriers to Information Transfer telecommunications areas, much remains to be done before
and Approaches Toward Their Reduction 3 p (SEE N88-30458 effective electronic information transfer can take place either
24-82) Mar. 1988 nationally or internationally. The difficulties in achieving approved
(AGARD-CP-430) Avail: NTIS HC A06/MF A01 standards internationally are addressed, and some new standard

Atlantic Richfield has successfully operated an interactive, that potentially will have a positive impact on information transfer
full-motion video teleconferencing system since September of 1983. such as those pertaining to an electronic publishing It also
The system, named ARCOvision, is for internal use only and addresses the Open Systems Interconnection Reference Model. a
consists of six locations in the United States including Alaska. suite of telecommunications standards which hold great promise
The implementation, capabilities, equipment, and costs related to for the interconnection of systems with different hardware and
the ARCOvision system will be discussed. Author softwa-. Finally, the york tl i was done to date to implement

these standards for library and information applications and
N88-30464# Department of the Se, rary of State. Ottawa challenges for the future are discussed. Author
(Ontario).
WORDS: KEYS OR BARRIERS TO INFORMATION TRANSFER N89-11401# Boeing Computer Services Co. Seattle. WA
SUZANNE RICHER In AGARD, Barriers to information Transfer AN INFORMAL GLOSSARY OF TERMS USED IN
and Approaches Toward Their Reduction 4 p (SEE N88-30458 SUPERCOMPUTING, APPENDIX A
24-82) Mar. 1988 K. NEVES In AGARD, Computational Fluid Dynamics Algorithms
(AGARD-CP-430) Avail* NTIS HC A06/MF A0l and Super Computers 7 p (SEE N89- 11395 02-60) Mar 1988

Terms can create or resolve barriers in the processes pertaining (AGARD-AG-31 1) Avail: NTIS HC A09/MF A01
to the transfer of knowledge and the access to information. This informal glossary associated with supercomputers evolved
Selecting words to organize, process, and retrieve data leads to casually The primary draft was made in 1986 by the IEEE
the establishment of hierarchies The building of thesauri provides Subcommittee on Supercomputing In addition, terms have been
for tools enabling the organization of concepts. National and added and revised Any rapidly advancing field generates its own
international guidelines were developed for the establishment of new terminology. The new terms arise by applying new meanings
monolingual and multilingual thesauri New words find their way in to older terms as well as through the coining of new terminology.
solid hierarchies The introduction mechanisms for new words rely The process is dynamic and often results in dual meanings of
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commonly used words and sometimes just plain fuzzy detinitions N89-1828# Polytechnic of Central London (England).
Nevertheless. it is believed that this tabulation will: (1) help both Information Research Group.
novices and experts to better communicate, and (2) provide input EUROPEAN EXAMPLES OF EVALUATING THE
to more formal dictionary/definition writing processes. Author EFFECTIVENESS OF INFORMATION C9=NTRES AND,

SERVICES
JOHN MARTYN In AGARD, Evaluating the Effectiveness of
Information Centres and Services 15 p (SEE N89-11625 02-82)

N89-1 1625# Advisory Group for Aerospace Research and Sep 1988
Development. Neuilly-Sur-Seine (France). Technical Information (AGARD-LS-160) Avail: NTIS HC A05/MF A0l
Panel. There are usually three viewpoints from which an information
EVALUATING THE EFFECTIVENESS OF INFORMATION system, service or product can be evaluated. The first is that of
CENTRES AND SERVICES the system or service producers, who will generally be assessing
Sep. 1988 93 p Lecture series held in Luxembourg, 5-6 Sep. the extent to which their product meets its assigned objectives.
1988, in Athens, Greece, 8-9 Sep. 1988, and in Lisbon, Portugal, and who will be particularly concerned with the improvement of
12-13 Sep. 1988 efficiency and effectiveness. Such evaluations do not usually
(AGARD-LS-160; ISBN-92-835-0479-8; AD-A202498) Avail: NTIS involve comparisons with competing services. The second
HC A05/MF A01 viewpoint is that of the actual or potential users, whose concern

The current state-of-the-art of evaluating information centers is with the extent to which a system or service meets their perceived
and services is presented in both theoretical and practical needs, and its related cost. This assessment often involves
perspectives. Case studies are used to demonstrate successful comparisons between services. The third viewpoint., particulary in
evaluation projects from different countries and to focus on specific public-sector operations, is that of the system sponsors, who wish
evaluation methods and measures. In addition to providing a to assess how well a system or service succeeds in meeting
thorough basis for determining the most appropriate evaluation policy objectives, some of which may not be explicit. Quantitative
methods and measures for a given stuation and potential problems evaluative data are often hard to capture, and difficult to interpret.
that can arise in using them, the presentations include discussions In some European work, a more subjective approach has been
of what to do once the evaluation is done. Various strategies are taken, using qualitative information supported by such numencal
proposed for altenng the centers and services so that effectiveness data as may be gathered, to arrive by a judgmental process to an
is improved. Political, organizational and practical aspects of assessment which takes account of the political factors inevitably
evaluation projects are covered so that evaluation is seen from a affecting any evaluation other than the most basic. Author
broader context. For individual titles, see N89-11626 throughN89-163ZN89-11629# King Research, Inc., Rockville, MD.N89- 18632. EVALUATING THE PERFORMANCE OF INFORMATION CENTRE

STAFF

JOSE-MARIE GRIFFITHS and DONALD W KING In AGARD,
Evaluating the Effectiveness of Information Centres and Services

N89-11626# King Research, Inc., Rockville, MD. 11 p (SEE N89-11625 02-82) Sep. 1988
EVALUATING THE EFFECTIVENESS OF INFORMATION USE (AGARD-LS-160) Avail: NTIS HC A05/MF A01
DONALD W. KING and JOSE-MARIE GRIFFITHS In AGARDr The framework for evaluation described in 'A Framework for
Evaluating the Effectiveness of Information Centres and Services Evaluating the Effectiveness of Information Centers and Services'
5 p (SEE N89-11625 02-82) Sep. 1988 for evaluating staff performance is used. Information center staff
(AGARD-LS-160) Avail: NTIS HC A05/MF A01 are a major resource affecting the overall performance and

An approach to evaluating the use, usefulness and value of effectiveness of services provided. Various measures of staff
published/recorded information on the work of its users is performance are discussed (including quantities, quality and
described. The reading patterns of professionals and the application timeliness of staff outputs), and the relationship between staff
of nformation derived from reading is. discussed in delal. Several performance and the effectiveness of services (from a user
different indicators of productivity of professionals are developed perspective) is demonstrated. Finally. alternative methods for
and correlated with the amount of reading that is done. Finally, measuring staff performance are described. Author
several different perspectives on the value of information centers
to the professionals they serve are presented. Author N89-11630# King Research, Inc., Rockville, MD

EVALUATING PERFORMANCE OF INFORMATION CENTRE
OPERATIONS AND SERVICES
JOSE-MARIE GRIFFITHS and DONALD W. KING In AGARD,

N89-11627# Loughborough Univ. of Technology (England). Evaluating the Effectiveness of Information Centres and Services
MEASURES, METHODS AND MODELS EMPLOYED IN 8 p (SEE N89-11625 02-82) Sep. 1988
EVALUATING THE EFFECTIVENESS OF INFORMATION (AGARD-LS-160) Avail: NTIS HC A05/MF A01
CENTERS AND SERVICES Evaluation of information center resources (e.g. staff, equipment.
A. J. MEADOWS f- AGARD, Evaluating the Effectiveness of facilities, etc.) is discussed in terms of input costs. output
Information Centrvs and Services 16 p (SEE N89-11625 02-82) performance, and productivity. Examples of evaluation of
Sep. 1988 information services (e.g., access to technical reports and other
(AGARD-LS-160) Avail: NTIS HC A05/MF A01 publications, online bibliographic searches, published searches.

Evaluating the effectiveness of organizations and of the etc.) are presented in terms of their inout costs and output
services they offer always depends on assuming some kind of performance. The linking of resource attributes or charactersitics
model. The main purpose of modeling is to abstract elements (eg., staff competencies, equipment capabilities, facility layout. etc.)
from real-life activities in such a way that these activities can be to service input costs and output performance (e.g, quality and
more readily understood, and so better organised and planned. timeliness of services) is demonstrated. Thus, Center managers
Models may be used for a variety of purposes; for example, to can make decisions about resources or allocation of funds involving
pinpoint which parts of a system should be sampled to provide resources in terms of services involved. A management information
an adequate picture of the whole. The drawback of all models is system for center management is also described. Author
that they reflect only a part of reality, and so can only be used in
a limited context. In consequence, models must be explicity N89-11631# King Research, Inc., Rockville, MD.
formulated and their limitations understood before any evaluation A FRAMEWORK FOR EVALUATING THE EFFECTIVENESS OF
exercise is attempted. The model helps decide what performance INFORMATION CENTRES AND SERVICES
measures can usefully be made. For example, a qualitative model DONALD W. KING and JOSE-MARIE GRIFFITHS In AGARD,
may not be appropriate for guiding assessment in terms of Evaluating the Effectiveness of Information Centres and Services
quantitative performance measures. Both model and measures 14 p (SEE N89-11625 02-821 Sep. 1988
therefore have been chosen in the light of the desired outcome (AGARD-LS-160) Avail: NTiS HC A05I/MF A01
from the evaluation The methodology, is, in turn primarily Evaluation is a subject of considerable aftentfin at the current
determined by the model and measures chosen Author time. Three principal aspects of evaluation and information are
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presented here. The first involves the evaluation of information 83
workers and services. The second deals with evaluation from the
perspective of users served, their organizations and higher levels ECONOMICS AND COST ANALYSIS
of aggregation such as to industries, sectors, the entire nation
and all nations. The third aspect is how information and information
services affect users. Several levels within information service Includes cost effectiveness studies.
centers are described. One can perform evaluation at each of
these levels (i.e. resource components, activities, services and
products, functions and information units). That is. at each level N88-20179# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
one can measure input of resources (i.e, capital, labor, technology. (Germany. F.R.). Helicopter and Military Aircraft Group.
information. etc.) and output quantities produced. Such output REASONS FOR INCREASING DEVELOPMENT COST OF
divided by input can provide estimates or indicators of productivity. ROTARY WING AIRCRAFT AND IDEAS TO REVERSE THE
The output of information services is one of several input resources TREND
to users. The extent to which this input affects output and VOLKER VONTEIN In AGARD. Flight Vehicle Development Time
productivity is of considerable interest. As shown in Figure I on and Cost Reduction 15 p (SEE N88-20173 12-81) Sep. 1987
the next page, the input resources (including information) affect (AGARD-CP-424) Avail: NTIS HC A14/MF A01
user activities, their functions, their organizations, and so on. up General cost trends of complex systems. such as helicopters,
to the point that aggregated information use and subsequent are described. Then, the influence of requirements and complexity
productivity affects national goals. Below we attempt to show how on the cost of helicopters are discussed. After an analysis of cost
these interrelationships work. First, several definitions are given, trends and of negative effects relative to helicopter development

Author cost ideas to reverse the trend are presented. In this context,besides the generally used classical methods of good engineering

practice, other methods, such as cost engineering and international
cooperation, are dealt with. In summary, good engineering judgment
combined with proper planning and management still is the best
method to keep costs under control. Author

N89-11632# Bell Telephone Labs.. Inc.. Murray Hill, NJ. Libraries
and Information Systems. N88-20180# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
EVALUATING FOR INFORMATION CENTER PLANNING (Germany, F.R.).
W DAVID PENNIMAN In AGARD, Evaluating the Effectiveness THE JUDGEMENT AND EVALUATION OF LONG-TERM
of Information Centres and Services 3 p (SEE N89-11625 02-82) INVESTMENTS DEMONSTRATED BY MEANS OF A CIVIL
Sep. 1988 AIRCRAFT PROGRAM
(AGARD-LS-t60) Avail: NTIS HC A05/MF A01 W. ZABKA In AGARD. Flight Vehicle Development Time and

A business-oriented approach to information center planning Cost Reduction 9 p (SEE N88-20173 12-81) Sep. 1987
and evaluation is presented, The need for output measures a (AGARD-CP-424) Avail: NTIS HC At4/MF A01
quantitative expression of service value is described and a method The economic characteristics of the civil aircraft industry are
ot planning incorporating these concepts is provided. Both top-down unique in terms of the magnitude of investment and the rsks
and bottom-up planning responsibilities are identified and the involved. Civil aircraft programs represent complex risk ventures
specific steps involved in a business planning process are given. accomplished in an environment of constantly changing market
The competitive nature ot information service is emphasized conditions, competitive actions, and technological alternatives.
throughout. Author Economic aspects of the civil aircraft industry to be considered

when preparing a decision for a new aircraft program are
considered. Subjects discussed are organized under three major
sections. The first provides a short overview of the economic
realities of the civil aircraft bu'iness The second major section
focusses on how to comprehend adequately all these factors in
one transparent calculation in order to describe the main cnteria
milestones in a civil aircraft program, with speoial emphasis on
financial aspects. The third section deals with the separate

N89-18478# Software SciOnces Ltd., Farbrough (England). discussion of the influencing factors and their changes. Special
PERFORMANCE REAL-TIME DATAP ASE MANAGEMENT emphasis is placed on the impact of development costs and

PETER R TILLMAN, RAY GILES, and IAN WAKLEY In AGARD. development lead time. Author

Software Engineenng and Its Application to Avionics 11 p (SEE
N89-18446 11-06) Nov 1988
(AGARD-CP-439) Avail: NTIS HC A18/MF A01

During the period 1980 to 1984 the software sciences staff, N88-20183# General Electrh Co., Lynr MA Turboshaft Eng.yi
together with the UK MOD research scientists, built and Products Dept.
demonstrated a real-time relational database system named OPTIMIZING POWERPLANT DESIGN AND DEVELOPMENT
ADDAM, which ran up to 50 transactions per second on a network CYCLES
of 16 bit minicomputers. Since then, the company has embarked LOUIS A. BEVILACQUA and H. GERARD DONOHIE In AGARD
on a private venture deveiopment %, scale up the throughput to Flight Vehicle Development Time ?nd Cost Rea duction 10 p (SEE
over 1000 transactions per second. This development has required N88-20173 12-81) Sep. 1987
the adoption of a highly parallel processing architecture. The node (AGARD-CP-424) Avail: NTIS HC A14/MF A01
software w,'s completely redesigned so that the database can be The cost of engine development programs has been increasing
partitioned in a single node. to enable multiple transactions to run The time required to complete these programs has also increased,
in parallel, or one transaction to run against different parts of the but this is not so clear - nor so dramatic - because the added
database in parallel The hardware design utilizes an array of time has been placed at the front end with R and D and
Inmos Transputers v ,0h will deliver a nominal performance of demonstrator programs Since these tend to reduce the risk of
120 mips per noOi. The overall design of the system and the Full Scale Developments the assessment is that the total time
benefits available frum adopting such a solution to the design of required for engine development has not increased significantly
military real time syste, s is descnbed, It also discusses the design While it is not sure that the increasing cost trend can be reversed
issue which the Transputer architecture raises, the database - or even slowed down - views as to cause and recommendations
management protocol design and the approach to maintaining are made to control the trend. Also identified are alternatives, In
database integrity in the face of concurrent parallel transactions this regard the derivative engine atoroach is cited as having strong

Author potential for significant reductions in both time and cost Author
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Includes cosmic radiation; and inner and outer earth's radiation
belts.

N89-17149# Cambridge Univ. (England).
REMOTE SENSING OF INTERPLANETARY SHOCKS USING A
SCINTILLATION METHOD
A. HEWISH In AGARD, Scattering and Propagation in Random
Media 6 p (SEE N89-17706 10-31) Mir. 7988
(AGARD-CP-419) Avail: NTIS HC A23/MF A01

Energetic interplanetary disturbances originating at the Sun
cause geomagnetic storms when they reach the Earth. The
disturbances affect radio communication, damage electrical power
grid networks, increase the atmospheric density and drag on
satellites, and are accompanied by showers ot energetic particles
Which present radiation hazards to manned spacecraft. A
ground-based method for locating and tracking transients in
interplanetary space long before they reach the Earth is described.
Continuous observations of transients during a two year period
near sunspot maximum have demonstrated the potential of the
technique for predicting geomagnetic storms and new information
on the zones of the solar disk from which transients originate
was given. The latter contradicts some widely held theories in
solar-terrestnal physics gtnd shows that a major revision of ideas
is needed. Contrary to expectations, it was found that
open-magnetic field regions known as coronal holes are the
dormant sources of the most powerful interplanetary shocks. This
result con licls with the solar flare theory of geomagnetic storms.

Author
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